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NATURAL PHILOSOPHY AND ASTRONOMY. 

BY DIONYSIUS LARDNER, D.C.L., 

Furinerly Professor of Natural Fhiloiiopby and Astronomy in University College, London. 



This yaluable work is now vomplotc, consisting of threo series or courses, as follows : . 

FIRST COURSE. 

Mechanicsy Ilydrostntics, ]Iydraulic89 Pnenmatics, Sonnd, and 

Optics. 

In one large royal 12nio. volume, of 750 pages, with 424 illustrations. 



SECOND COURSE. 

Heat, Magnetism, Common Electricity, and Voltaic IClectricity. 

In one Tolume, royal 12mo., of 450 pages, with 244 illustrations. 



THIRD COURSE. 

Astronomy and Meteorology* 

In one rolume, royal 12mo., of nearly 800 pages, with 37 plates and over 200 illustrations. 



These volumes can be had either separately or in uniform sots, containing in all about 
two thousand pages, with nearly one thousand illustrations, on wood and Mwl. To acrom- 
modate those who desire separate treatises on the l£adlng departments of Natural Philoso- 
phy, the First Course may also be had divided in three portions, as follows : 

Part I.— MECHANICS. 
" II.— HYDROSTATICS, HYDRAULICS, PNEUMATICS, and SOUND. 
« III.— OPTICS. 

It will thus be seen that this work furnishes cither a complete course of instrxK-tion on 
these sulyocts, or separate treatises .ojl all iiie different branches of Natural Science. 

• ■' I- "*-'- 
From BmSdig s\^frv^xaJbT'of\'<xor([r^cndatoTj notices the publishers submit a few. 

*•-• '•"• ■ • -•-•■ 

One of Jns best popwlar^ciontiftc ^orks that hnit yet nppearfMl. — Eny'.ish Journal of Education. 

• • " " . - - 

Nothing could b^ beUer fmr bir^i&irpaSes-inteuded.— J9r<7i5A Quarterly Review. 

• ■ • "•.-.- - ■ ; 
The •* First Conrse* Of Naiiiral-Phi^osoptv has been already noHcwl hv iis. TTie " Second" nients 
eqoal praise. '^~ ' — '^—' — ^»-» -"---• - 1 :•:': i> ■— >■ — > ._.:.. .. j 

it is a great 1 
pranared with 
witnont minute 

it witbin the rearJi oPtht^l^ssJiivcMren. but'niore aspiring clHi»>eK <if the conmiunity ; a mure benevo- 
lent ezercuie o( erpvtiletl talent cannot bu imui;incd.~&ni<A. Mtthwl. Quart. Review. 

This ** Hand-Book." then, is an lionpst addition to oar sciftntinc literature. It is not the haxty pro- 
duction of a niim who has been skimming; the fsurrurp of the p<M>l, niiJ fineerin^: the hem of the pir- 
ment, bat the matured production of an nnconiplished niatheinsitirian. who lias devotcil his life to the 
atady of physics, who has soured hitch and dived deep, who has tnivonitid thn rough places as well as 
the smooth, and than whnui there ran be no s:if(tr ami more intellivcut guide ihruutjh those pleasant 
paths which belong to popular sc-ie wM.—Ltnu/on Literary GoztUe 

The anther, celebrated for his ••kill and learning in I'hvsiral and Mechanical Science, has composed 
this work for "the Hatisfarijon nf thoM; wlio de-^ire to obtiiiu a kuiiwIedi^K of the elements of I'hvstrM, 
withont pursuiuK llieni throueh tlii-ir nwitlifniiiMcHl coiiM-qncnrrN and dctnils." On a cursorv exami- 
natioo, we should tlnnk tins vkIumih iiiliiiiriibiy siiitnl to c:irry out the autllor'^l intentions, '('he ptm- 
diries are slated in predKv and teixe luuijuii^c, and the illustrations are happily given.— ^. Y. Church- 
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The passage of this yolome through the press has been entrusted 
to the same editorial supervision as that of the ^^ First Course/' 
and evefy care has been exercised to ensure the necessaiy scien- 
tific and typographical accuracy. Such errors as were observed in 
the English edition have thus been corrected^ and some additions 
made where the subject appeared to require them. The Section on 
HeaT; especially, has been the object of these improvements^ which 
are mostly embodied in the Appendix by the editor, pp. 153 to 183, 
and the whole is confidently presented as a full and accurate digest 
of the present state of knowledge .on that subject. 
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AUTHOR'S PBEFACE. 



«^M^^^^»^<>^i^^N^^^^/W 



In the composition of this Work the Author has had in view the 
satisfaction of those who desire to obtain a knowledge of the ele- 
ments of physics without pursuing them trough their mathematical 
consequences and details. The methods of demonstration and illnsh 
tration have accordingly been adapted to such readers. 

The Work has been also composed with the object of supplying 
that information relating to physical and mechanical science^ which 
is required by the Medical and Law Student; the Engineer^ and 
Artisan^ by those who are preparing for the universities^ and; in 
short, by those who, having already entered upon the active 
pursuits of business; are still desirous to sustain and improve their 
knowledge of the general truths of physicS; and of those laws by 
which the order and stability of the material world are main- 
tained. 

According to the original plan of the Work; it was intended to 

comprise Astronomy and Meteorology in the present volume; and so 

to complete the series. It was found; however; that these subjects; 

treated with the fullness and clearness commensurate with their 

importance; would swell the volume to an objectionable bulk ; and 

the publishers considered they would best consult the interests and 

conveniences of purchasers; by consigning Astronomy and Meteor- 
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CHAPTER I. 

PBELIMINARY PRINCIPLES AND DEFINITIONS. 

1304. Heat, like all other physical agents, is manifested and 
measured by its e£fect3. 

1305. Sensible heat — One of the most familiar of these effects 
is the sense of more or less warmth which a body, when it receives 
or loses heat, produces upon our organs. 

When the heat received or lost by a body is attended with this 
sense of increased or diminished warmth, it is called sensible heat 

1306. Insensible heat — But it will occur in certain cases that a 
body may receive a very large accession of heat without any increased 
sense of warmth being produced by it, and may, on the other band, 
lose a considerable quantity of heat without exciting any diminished 
sense of warmth. The heat which a body would thus receive or lose 
without affecting the senses, is called latent heat 

1307. Dilatation and contraction. — When a body receives or loses 
heat, it generally suffers a change in its dimensions, the increase of 
heat being usually attended with an increase, and the diminution of 
heat with a diminution of volume. 

II. 3 ^5 
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This enlargement of volume due to the accession of heat is called 
dilatation^ and the diminution of volume attending the loss of heat 
is called contraction. 

There are, however, certain exceptional cases in which heat, whether 
received or lost, is attended with no change of volume, and others in 
which changes take place the reverse of those just mentioned; that 
is to say, where an accession of heat is accompanied by a diminution, 
and a loss of heat with an increase of volume. 

1308. lAguefaction and solidification, — If heat be imparted in 
suffiQient quantity to/ a solid body, it will pass into the liquid state. 
Thus, ice or lead, being solid^ will become liquid by receiving a suffi- 
cient accession of heat. This change is called fumm or liquefaction. 

If heat be abstracted in sufficient quantity from a body in the 
liquid state, it will pass into the solid state. Thus, water or molten 
lead losing heat in sufficient quantity will become solid. This change 
is called congelation or solidification ; the former term being applied 
to substances which are usually liquid, and the latter to those that 
are usually solid. 

1309. Vaporization and condensation. — If heat be imparted in 
sufficient quantity to a body in the liquid state, it will pass into the 
state of vapour. Thus, water being heated sufficiently will pass into 
the form of steam. This change is called vaporization. 

If a body in the state of vapour lose heat in sufficient quantity, it 
will pass into the liquid state. Thus, if a certain quantity of heat 
be abstracted from steam, it will become water. 

This change is called condensation ; because, in passing from the 
vaporous to the liquid state, the body always undergoes a very con- 
siderable diminution of volume, and therefore becomes condensed. 

1310. Incandescence. — Heat, when imparted to bodies in a cer- 
tain quantity, will in some cases render them luminous. 

Thus, if metal be heated to a certain degree, it will become red^ 
hot; a term signifying merely that it emits red light. This luminous 
state, which is consequent on the accession of heat, is called incan^' 
descence. 

The more intense the heat is which is imparted to an incandescent 
body, the more white will be the light which it emits. When it 
first becomes luminous, it emits a dusky red light. The redness 
becomes brighter as the heat is augmented, until at length, when the 
heat becomes extremely intense, it emits a white light resembling 
solar light. 

A bar of iron submitted to the action of a furnace will exhibit a 
succession of phenomena illustrative of this. 

1311. Combustion, — Certain bodies, when surrounded by atmos- 
pheric air, being heated to a certain degree, will enter into chemical 
oombination with the oxygen gas which forms one of the constitaents 
of the atmosphere. 
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This eombination will be attended with a large deyelopmeni of 
heat, which is accompaDied usually by iucandescenoe and flame. 

This phenomenon is called combustion^ and the bodies which are 
susceptible of this effect are called combustibles. 

The flame, which is one of the effects of combustion, is gas ren- 
dered incandescent by heat. 

1312. Thermometers and pyrometers, — The degree of sensible 
heat by which a body is affected, is called its temperaiuref and the 
instruments by which the temperature of bodies is indicated and 
measured are called thermometers and pyrometers ; the latter term 
being applied to those which are adapted to the measurement of the 
higher order of temperatures. 

Changes of temperature are indicated and measured by the change 
of Yolume which they produce upon bodies very susceptible of dilata- 
tion. Such bodies are called ihermoscoptc bodies. The principal of 
these are, for thermometers, mercury, alcohol, and air; and, for 
pyrometers^ the metals^ and especially those which are most difficult 
of fusion. 

1313. OondvctUm. — When heat is communicated to any part of 
a body, the temperature of that part is momentarily raised above the 
general temperature of the body. This excessive heat, however, is 
gradually transmitted from, particle to particle throughout the entire 
volume, until it becomes uniformly diffused; and the temperature of 
the body becomes equalized. 

This quality, in virtue of which heat is transmitted from particle 
to particle throughout the yolume of a body, is called conductibility. 

Bodies have the quality of condnctibility in different degrees ; those 
being called good conductors in which any inequality of temperature 
is quickly equalized, the excess of heat being transmitted with great 
promptitude and facility from particle to particle. Those in which 
it passes more slowly and imperfectly through the dimensions of a 
body, and in which, therefore, the equilibrium of temperature is more 
slowly established, are called imperfect conductors. Bodies, in which 
the excess of heat fails to be transmitted fron> particle to particle 
before it has been dissipated in other ways, are called non-conductors. 

The metals in general are good conductors, but different metals 
have different degrees of condnctibility. The earths and woods are 
bad conductors, and soft, porous, and spongy substances still worse. 

1314. Radiation^ — Heat is propagated from bodies which contain 
it by radiation in the same manner, and according to nearly the same 
rules, as those which govern the radiation of light. Thus, it pro- 
ceeds in straight lines from the points whence it emanates, diverging 
in every direction, these lines being called thermal rays. 

1315. Diathermanovs media. — Certain bodies are pervious to 
the rays of heat, just as glass and other transparent media are per- 
vious to the rays of light. They are called diatherm&uoM^ q»x U^s^At 
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calent bodies. Thus, atmospherio air and gaseous bodies in general 
are diathermanous. 

The rays of heat are reflected and refracted according to the same 
laws as those of light. They are collected into foci by spherical 
mirrors and lenses, they are polarized both by reflection and refrac- 
tion, and are subject to all the phenomena of double refraction by 
certain crystals in a manner analogous to that already explained in 
relation to the rays of light. 

Bodies are diathermanous in diflerent degrees. 

Imperfectly diathermanous bodies transmit some of the rays of 
heat which impinge on them, and absorb others ; the portions ^ich 
they absorb raising their temperature, but those which thdy transmit 
not aflecting their temperature. 

1316. Refiectixm of heat — The surfaces of bodies also reflect 
heat in different degrees; those rays which they do not reflect they 
absorb or transmit. The processes of transmission, absorption, and 
reflection vary with the nature of the body and the state of its sur- 
face with respect to smoothness, roughness, or colour. 

1317. Refraction of hecU. — Rays of heat, like those of light, 
are differently refrangible. 

1318. Different se^nses of the terms heat and caloric, — The term 
heat is used in different senses : first, to express the sensation pro- 
duced when we touch a heated body or are surrounded by a hot me- 
dium ; secondly, to express the quality of the body by which this 
sensation is produced; and thirdly, to express the physical agent, 
whatever it be, to which the quality of the body is due. Notwith- 
standing these different senses of the same term, no confusion or 
obscurity arises in its use, the particular sense in which it is applied 
being generally evident by the context; nevertheless it were to be 
desired that writers on physics could agree upon a nomenclature more 
definite. 

The term caloric has been proposed, and to some extent adopted, 
to express the physical agent to which the effects of heat are due.^ 

1319. Hypotheses to explain thermal phenomena. — Two hypo- 
theses have been proposed to explain the phenomena of heat. The 
first regards heat as an extremely subtle fluid pervading all space, 
entering into combination in various proportions and quantities with 
bodies, and producing by this combination the effects of expansion, 
fusion, vaporization, and all the other phenomena above mentioned. 
The second hypothesis regards it as the effect of the vibration or 
undulation, produced either in the constituent molecules of bodies 
themselves, or in a subtle impenetrable fluid which pervades them. 

In the present Book the effects of heat will be explained independ- 
ently of hypothesis; and, when they have been fully developed, 
the different theories proposed for thoir explanation will be stated. 
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1320. Msaiur€& of temperature. — Of all the various effects of 
beat^ that which is best adapted to indicate and measure temperature 
is dilatation and contraction. The same body always has the same 
Yolume at the same temperature, and always suffers the same change 
of yolume with the same change of temperature. 

Since the volume and change of volume admit of the most exact 
measurement and of the most precise numerical expression, they 
become the means of submitting the degrees of warmth and cold, or, 
which is the same, the degrees of temperature, to arithmetical mea- 
sure and expression. 

1321. Thermoscopic suhstances. — Although all bodies whatever 
are susceptible of dilatation and contraction by change of temperature, 
they are not equally convenient for thermoscopic agents. 

For reasons which will become apparent hereafter, the most avail- 
able thermoscopic substance for general purposes is mercury. 

1322. Mercurial thetTnometer. — The mercurial thermometer con- 
sists of a capillary tube of glass, at one end of which a thin spherical 
or cylindrical bulb ia blown, the bulb and a part of the tube being 
filled with mercury. 

When such an instrument is exposed to an increase of temperature, 
the glass and mercury will both expand. If they expanded in the 
same proportion, the capacity of the bulb and tube would be enlarged 
in the same proportion as the mercury contained in them, and, 
consequently, the column of mercury in the tube would neither 
rise nor fall, since the enlargement of its volume would be exactly 
equal to the enlargement of the capacity of the bulb and tube. If, 
however, the expansion of the bulb and tube be different from that 
of the mercury, the column in the tube will, after expansion, stand 
higher or lower than before, according as the expansion of the mer- 
cury is greater or less than the expansion of the bulb and tube. 

It is found that the dilatability of mercury is greater than the 
dilatability of glass in the proportion of nearly 20 to 1, and, conse- 
quently, the capacity of the bulb and tube will be less enlarged than 
the volume of the mercury contained in them in the proportion of 
nearly 1 to 20; consequently, for the reason above stated, every 
elevation of temperature by which the mercury and tube would be 
affected will cause the column of mercury to rise in the tube, and 
every diminution of temperature will cause it to fall. 

The space through which the mercury will rise in the tube by a 
given increase of temperature will be greater or leas aceoi^vcv^Xft >^^ 

3* 
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proportion wbicb the tube bears to the capacity of the bulb. The ^ 
smaller the proportion the tube bears to the capacity of the bulb^ the 
greater will be the elevation of the column produced by a given in- 
crease of temperature ; for a given increase of temperature will pro- 
duce a definite increase of volume in the mercury; and this increase 
of volume will fill a greater space in the tube in proportion to the 
smallness of the tube compared with the capacity of the bulb. 

Such an instrument, without other appendages or preparation, 
would merely indicate such changes of temperature in a given place 
as would be sufficient to produce visible changes in the elevation of 
the column of mercury sustained in the tube. To render it useful 
for the purposes of science and art, and in domestic economy, various 
precautions are necessary, which have for their object to render the 
indications of different thermometers comparable with each other, and 
to supply exact numerical indications of measurement of the changes 
of temperature. 

1323. Preparation of the mercury. — For this purpose it is ne- 
cessary, in the first instance, that the mercury with which the tube 
is filled shall be perfectly pure and homogeneous. This object is 
attained by the same means as have been already explained in the 
case of the barometer. (See Handbook of Hydrostatics, Hydraulics, 
Pneumatics, and Sound, 715.) 

1324. Selection of the tube, — In the selection of the tube it is 
necessary that it be capillary, that is to say, a tube having an ex- 
tremely small bore, and that the bore should be of uniform magni- 
tude throughout its entire length. 

The smallness of the bore is essential to the sensibility of the 
instrument, as already explained ; and its uniformity is necessary in 
order that the same change of volume of the mercury should cor- 
respond to the same length of the column in every part of the 
tube. 

The uniformity of the bore of the tube may be tested by letting 
into it a small drop of mercury, sufficient to fill about a third of an 
inch of the tube. Let this be made to fall gradually through the 
entire length of the tube, stopping its motion at intervals, and let 
the space it occupies at different parts of the tube be measured. If 
this space be everywhere the same, the bore is uniform; if not, the 
tube must be rejected. 

1325. Formation of the bulb. — The bulb, whether spherical or 
cylindrical, can be formed upon the end of the tube by the ordinary 
process of glassblowing. The sensibility of the thermometer requires 
that the capacity of the bulb should bear a large proportion to thj 
calibre of the tube. If, however; the capacity of the bulb be con- 
siderable, the quantity of mercury it contains may be so great that 
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it will not be affected by tbe temperature of tbe sorrounding medium 
with sufficient promptitude. 

A cylindrical bulb of the same capacity will be more readily af- 
fected by the temperature of the surrounding medium than a sphe- 
rical hulb^ since it will expose a greater surface. 

The glass of which the bulb is formed should be as thin as is 
compatible with the necessary strength, in order that the heat may 
pass more freely from the external medium to the mercury. 

1326. Introduction of the 'mercury. — The tube to be filled is 
represented in ji^. 425., where b a o is the tube, and o d a reservoir 
P formed at the top for the purpose of filliug it, which is to 
be afterwards detached. Let the tube be first dried by 
holding it over the flame of a spirit-lamp, so as to evaporate 
C and expel all moisture which may be attached to the inner 
Burfiice of the glass. To fill it, let a quantity of purified 
mercury be poured into the reservoir o d. This will not 
fell through the bore, being prevented by the air included 
in the reservoir A b and in the tube. To expel this, and 
cause the mercury to take its place, let tbe tube be placed 
in an inclined position over a charcoal fire or the flame of 
a spirit-lamp, so that the air shall be heated. When heated 
it will expand, force itself in bubbles through the mercury 
in G D, and escape into the atmosphere. This will continue 

Oj^ until all the air in the bulb A 6 and in the tube A G has 
been expelled. The pressure of the atmosphere acting on 
B the mercury in G D will then force it through the tabe into 
Fig. 425. the bulb A B, which, as well as the entire length of the 
tube, it will ultimately fill. If a sufficient quantity of 
mercury be supplied to the reservoir c D, the bulb A B, the tube A c, 
and a part of the reservoir G D, will be filled with mercury after all 
ihe air has been expelled. 

When thiii has been accomplished, let the tube be removed from 
the source of heat, and allowed gradually to cool. A file applied at 
c, where the top of the tube is joined to the superior reservoir, 
detaches that reservoir from the tube, which remains with the bulb 
A B completely filled with mercury. 

In this state the instrument would give no indication of change of 
temperature, no space being left for exhibiting the play of the mer- 
cury by dilatation and contraction. 

To obtain space for this, let the bulb A B be exposed to a tempera- 
ture higher than any which the instrument is intended to indicate. 
The mercury dilating will then overflow, and will continue to over- 
flow until the mercury acquires the extreme temperature to which it 
is exposed. 

A jet of flame being now directed by a blow-pipe on the end G, it 
will be hermetically sealed; after which, being allowed to eoc^^NXi*^ 



82 HEAT. 

mercurial colnmn will subside, the space in the tube above it being a 
yacuum, since the air is expelled. The column will continue to sub- 
side until the mercury assumes that state which corresponds to the 
temperature of the air surrounding the instrument. 

1327. Thermometric ^pale arbitrary, — ^The variation of the height 
of the mercdrial column in such a tube will in all cases correspond 
with the changes of temperature incidental to the surrounding me- 
dium ; but in order that it may supply a numerical expression and 
measure of such changes, a scale must be attached to the tube, by 
which the variations of .the column may be indicated, and the divi- 
sions or the units of such scale must correspond to some known 
change' of temperature. It is evident that such a scale, like all other 
standards for the arithmetical measure of physical effects, must be to 
some extent arbitrary. We accordingly find different scales and dif- 
ferent thermometric units prevailing in different countries, and even 
in the same country at different times. 

1328. Standard points, — Division of scale, — Whatever ther- 
mometric unit be adopted, it is necessary that two standard tempera- 
tures be selected, to which the i^ercury can be reduced at the times 
and places where thermometers may be required to be constructed or 
vmfied. The instrument being exposed to these two temperatures, 
the points at which the mercurial column stands are marked upon 
the scale. The space upon the scale between these points is then 
divided into a certain number of equal parts, which are called degrees, 
these degrees being the thermometric unit. The same divisions are 
then continued upon the scale above the higher and below the lower 
standard point, and such divisions may be continued indefinitely. 
The scale is then complete. 

In this process, the number of equal parts into which the space 
between the standard points is divided, is altogether arbitrary. 

1329. Numeration of scale. — Zero point. — It now remains to 
number the scale ; and, for this purpose, a zero point must be selected. 
If there existed a minor limit to temperature, a temperature below 
which no body could possibly fall^ then such a temperature would 
supply a natural thermometric zero, and the scale might be numbered 
upwards from it. ^ 

1330. No natural zero. — In that case, although the thermometric 
unit ^ould still remain arbitrary, the zero of the scale would not be 
so. But no such natural thermometric zero exists. 

There is no natural limit either to the increase or diminution of 
^temperature. The zero, therefore, of the thermometric scale, like 
the thermometric scale itself, must be arbitrary. 

1331. Phenomena fit to sfupply standard poirUs. — Thermal phe- 
nomena present great varieties of standard temperatures, by which 
thermometric scales may be established, and which may serve equally 

terms of temperature for the purpose of distinguishing the indi- 



THERMOICETRT. 88 

CMitioxui of different thermometers constructed at different times and 
places. Thas, the temperatures at which all solid bodies fuse, and 
those at which all liquids congeal, are fixed. For different bodies 
these are different, but always the same for the same body. In like 
manner, the temperatures at which all liquids boil under a given 
pressure are invariable for the same liquids, though different for dif- 
hxent liquids. The temperature of the blood in the human species 
presents another example of a fixed temperature. 

1332. Freezing and hoiUng points of water adopted by common 
consent, — Now any two of these various temperatures naturally fixed 
might be taken as the thermometric standards, the choice being alto- 
gether arbitrary. Thus, it appears that the arithmetical division of 
uie scale, and con8e(|uently the thermometric unit, the position of its 
zero, and, in fine, the standard temperatures by which alone the indi- 
cation of different thermometers can be rendered comparable, are 
severally arbitrary. Unanimity, nevertheless, has prevailed in the 
selection of standard temperatures. The temperature at which ice 
melts, and that at which distilled water boils, when the barometer 
stands at 29*8 inches, have been adopted in all countries as the two 
temperatures with reference to which thermometric scales are con- 
structed. 

1338. Determination of these points. — The bulb and tube, as 
ahready described, being filled with pure mercury, and a blank scale 
being attached to the tube, the instrument is immersed successively 
in melting ice and boiling water, and the points at which the merou- 
xial column stands in each case are marked upon the scale. The 
former is called the freezing point, and the latter the boiling point. 

1334. Different thermometric units and zeros. — Fahrenheit's 
scale. — The same unanimity has not prevailed either as respects the 
unit or the thermometric zero. In England, Holland, some of the 
German States, and in North America, the interval between the 
freezing and boiling points is divided into 180 equal parts, each 
part representing the thermometric unit. The scale is continued by 
equal divisions above the boiling and below the freezing points. 

The zero is placed at the thirty-second division below the freezing 
point ; so that, on this scale, the freezing point is 32°, and the boiling 
point 32° + 180° = 212^ 

This scale is known as Fahrenheit's, and was adopted about 1724. 

The reason for fixing the zero of the scale at 32° below the freezing 
point is, that that point indicated a temperature which was at that 
time believed to be the natural zero of temperature, or the greatest 
degree of cold which could exist, being the most intense cold which 
had been observed in Iceland. 

We shall see hereafter that much lower temperatures, natural and 
artificial, have been since observed. 

The divisions of the interval between the freezing and boiling 
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points into 180 eqnal puis was founded upon some inexact sopposi- 
tion connected with the dilatation of mercury. 

The divisions of this scale are continued in the same manner below 
zero, such divisions being considered negative, and expressed by the 
negative sign prefixed to them. Thus, -f 32^ signifies 32^ above lerO; 
but — 32° signifies 32° below zero. 

1335. Centigrade scale, — In France, Sweden, and some other 
parts of Europe, the centigrade scale prevails. 

In this scale the interval between the freezing and boiling points 
is divided into 100 equal parts, and the zero is placed at the freezing 
point. 

1336. Reaumur^ 8 scale, — In some countries the scale of Bean 
mur is used, in which the interval between the. freezing and boiling 
points is divided into eighty equal parts, the zero being placed at the ^ 
freezing point 

1337. Methods of computing the temperoMire ojccarding to a'mf 
one scale when the temperature according to any other is given. — 
As all these scales are used to a greater or less extent in different 
parts of the world, it will be necessary to establish rales by which 
the temperature expressed by any one of them may be converted 
into the corresponding temperature expressed by any other. 

Since the numbers of degrees into which the interval between 
the freezing and boiling points is divided on the three scales are 180, 
100, and 80 respectively, it follows that 18° Fahrenheit are equal to 
10° centigrade and to 8° Beaumur ; or that 9° Fahrenheit, 5° centi- 
grade, and 4° Reaumur are represented by equal lengths of the scales. 
Hence are inferred the following rules : — 

1. To reduce any number of Fahrenheit degrees to an equivalent 
number of centigrade or Eeaumur degrees, divide by 9, and multiply 
by 5 for centigrade, and by 4 for Keaumur. 

2. To reduce any number of centigrade degrees to an equivalent 
number of Fahrenheit or Reaumur, divide by 5, and multiply by 9 
for Fahrenheit, and by 4 for Reaumur. 

3. To reduce any number of Reaumur degrees to an equivalent 
number of Fahrenheit or centigrade, divide by 4, and multiply by 9 
for Fahrenheit, and by 6 for centigrade. 

If it be required to reduce any temperature expressed by one scale 
to the equivalent temperature expressed by another, the preceding 
rules will be sufficient for the centigrade and Reaumur, inasmuch as 
they have the same zero. But when it is required to reduce the 
temperature of Fahrenheit to the equivalent temperature on the other 
scales, it is necessary first to subtract from the temperature of Fahr- 
enheit 32° (the distance between the two zeros), and then apply the 
preceding rule, or if it be required to reduce a temperature on the 
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eontigndB or Reswniir to an eqninlent temperature on- Fkhrenliiit, 
first apply the preoeding roles aod then adi S2°. 

TlwM {vinriples are expreeaed briefly b; the following (brmulas, 
ip nYoAk J, 0, and a expreaa tbe same temperature nptm the three 

E = | X C»— 32), 

Two OT all tbe three scalee are sometunea attached to the sane ther- 
mometer, BO that eqaivalent temperaCnTes are evident on inepection. 

Snch rednctJone nay also be facilitat«d by the following table, 
■howin^ the temperatures t^ the scales of F^renheit and Beaomoi 
which are eqaiTalent to thme of the centigrade. 

Tabie for eonterting the cetttigrade Thermometer into Dtgrttt of 
Reaumur and ImtrerJieiit Thermometer. 



In praotjce, degrees of the cealigrode thermometer will be most 
eaoly converted into those of Fahrenheit's by the following BrLS: 
" Hnltiply the centigrade degrees by 2, snbtract one-tenth, and add 
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1338. Rate of dilatation of, mercury, — It has been ascertained 
by experiment, that mercury, when raised from 32^ to 212°, suffers 
an increment of volume amounting to 2-11 Iths of its volume at 32°. 
Thus, 111 cubic inches of mercury at 32° will, if raised to 212°, 
become 113 cubic inches. From this may be deduced the increment 
of volume which mercury receives for each degree of temperature. 
For, since the increase of volume corresponding to an elevation of 
180° is yf y of its volume at 32°, we shall find the increment of 
volume corresponding to one degree by dividing yf j by 180, or, what 
is the same, by dividing yiy by 90, which gives -gA^* It follows, 
therefore, that for each degree of tei^iperature by which the mercury 
is raised, it will receive nn increment of volume amounting to the 
9990th part of its volume at 32°. It follows, therefore, that the 
weight of mercury which fills the portion of a thermometric tube 
representing one degree of temperature, will be the 9990th part of 
the total weight contained in the bulb and tube. 

1339. Its dilatation uniform between the standard points. — In 
adopting the dilatation of mercury as a measure of temperature, it is 
assumed that equal dilatations of this fluid are produced by equal 
increments of heat. Now, although it is certain that to raise a given 
quantity of mercury from the freezing to the boiling point will always 
require the same quantity of heat, it does not follow that equal incre- 
ments of volume will correspond to equal increments of heat through- 
out the whole extent of the thermometric scale. Thus, although the 
same quantity of heat must always be imparted to the mercury con- 
tained in the tube to raise it from 32° to 212°, it may happen that 
more or less heat may be required to raise it from 32° to 42°, than 
from 208,^ to 212°. In other words, the dilatation produced by 
equal increments of heat, in different parts of the scale, might be 
variable. Experiments conducted, however, under all the conditions 
necessary to ensure accurate results, have proved that mercury is 
uniformly dilated between the freezing and boiling points, or that 
equal increments of heat imparted to it produce equal increments of 
volume. The same uniform dilatation prevails to a considerable 
extent of the scale above the boiling and below the freezing points ; 
but at extreme temperatures this uniformity of expansion ceases, as 
will be more fully explained hereafter. 

1340. Use of a standard thermometer, — A thermometer having 
once been carefully graduated may be used as a standard instrument 
for graduating other thermometers, just as good chronometers once 
itccurately set are used as regulators for other time-pieces. To gra- 
trtiate a, thermometer by means of such a standard, it is only necessary 
to expose the two instruments to the same varying temperatures, and 
to mark upon the blank scale of that which is to be graduated two 
points corresponding to any two temperatures shown by the standard 
thermometer, and then to divide the scale accordingly. 
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Thus, for example, if the two iDstnunents be immersed in warm 
water and the column of the standard thermometer be observed to 
indicate the temperature of 150°, let the point at which the mercurjr 
stands in the other thermometer be marked upon its scale. 

Let the two instruments be then immersed in cold water, and let 
US suppose that the standard thermometer indicates 50°. Let the 
point at which the instrument to be graduated stands be then marked. 
Let the intervals of the scale between these two points, thus corre- 
sponding to the temperatures of 50° and 150°, be divided into one 
hundred equal parts ; each part will be a degree in the scale, which 
may be continued by like divisions above 150° and below 50°. ' 

1341. Range ofihe scale of thermometers varies with the purpose 
to which they are applied. — The range of the scale of thermometers 
is determined by the purpose to which they are to be applied. Thus, 
thermometers intended to indicate the temperature of dwelling-houses 
need not range above or below the extreme temperatures of the air, 
and the scale does not usually extend much below the freesing point 
nor above 100° ; and thus the sensitiveness of the instrument may 
be increased, since a considerable length of the tube may represent a 
limited range of the scale. 

1342. Qualities which render mercury a convenient thermoscopic 
fluid. — Mercury possesses several thermal qualities which render it 
a convenient fluid for common thermometers. It is highly sensitive 
to change o^' temperature, dilating with promptitude by the same 
increments of heat with great regularity and through a considerable 
range of temperature. It will be shown hereafter that a smaller 
quantity of heat produces in it a greater dilatation than in most other 
liquids. It freezes at a very low and boils at a very high tempera- 
ture. At the temperatures which are not near these extreme limits, 
it expands and contracts with considerable uniformity. 

The freezing point of mercury being — 40°, or 40° below zero, 
and its boiling point +662°, such a thermometer will have correct 
indications through a very large range of temperature. 

1343. Bulbs liable to a permanent change of capacity, which 
renders correction of scale necessary. — It has been found that, from 
some physical causes which are not satisfactorily explained, the bulbs 
of thermometers are liable to a change of magnitude after the lapse 
of a certain time. It follows from this that a thermometer, though 
accurately graduated when first made, may become at a later period 
erroneous in its indications ; since a diminution of the capacity of the 
bulb would cause the standard points and all other temperatures to 
be raised upon the scale. To obviate this, thermometers used for 
purposes requiring much precision ought to be verified from time to 
time by comparison with well-constructed standards, or by exposure 
to the standard temperatures. 

It is also found that a change of magnitude is produced m tVv^ 
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bulb of a tbermometer by sudden changes of temperature, which 
render verification necessary. (See Appendix), 

1344. Self-registering thermometers. — It is sometimes needed, 
in the absence of an observer, to ascertain the variations which may 
have taken place in a thermometer. Instruments called self-regu- 
lating thermometers have been contrived, which partially serve this 
purpose by indicating, not the variations of the mercurial column, but 
the limits of its play within a^given time. This is accomplished by 
floating in(]ices placed on the mercury within the tube, which are so 
adapted that one is capable of being raised with the column, but not 
depressed, and the other of being depressed but not raised. The 
consequence is, that one of these indices will remain at the highest, 
and the other at the lowest point which the mercurial column may 
have attained in the interval, and thus register the highest point and 
lowest point of its range. 

The self-regulating thermometers on this principle which are the 
best known are Six's and Rutherford's. 

1345. Spirit of vrine thermometers. — Alcohol is frequently used 
as a thermoscopic liquid. It has the advantage of being applicable 
to a range of temperature below the freezing point of mercury ; no 
degree of cold yet observed in nature or attained by artificial pro- 
cesses having frozen it. It is usually coloured so as to render the 
column easily observable in the tube. 

1346. Air therwmaeters, — Atmospheric air is a good thermo- 
scopic fluid. It has the advantage over liquids in retaining its gas- 
eous state at all temperatures, and in the perfect uniformity of its 
dilatation and contraction. It is also highly sensitive, indicating 
changes of temperature with great promptitude. Since, however, it 
is not visible, its expansion and contraction must be rendered observ- 
able by expedients which interfere with and render complicated its 
indications. 

1347. DrebheVs air thermometer. — The air thermo- 

O meter of Drebbel, or according to some of Sanctorius, is 
^ representj^d in fig. 426. A glass tube, a b, open at one 
^ end, and having a large thin bulb o at the other, is placed 
with its open end in a coloured liquid, so that the air con- 
tained in the tube shall have a less pressure than the at- 
^ mosphere. A column of the liquid will therefore be sus- 
tained in the tube a b, the weight of which will represent 
the* difference between the pressure of the external air and 
the air inclosed in the tube. 

If the bulb be exposed to a varying temperature, the 
Fig. 426. air included in it will expand and contract, and will cause 
the column of coloured liquid in the tube A B to rise and 
fall, thereby indicating the changes of temperature. 

1348. Am>(mUyn!s air thermometer. — Another form of air ther- 
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mometer is represented in fig, 427. The air included 
fills half the capacity of the bulb o, and its expansion 
and contraction cause the coloured liquid to rise or £^1 
in the tube A b. (See Appendix). 

1349. ThA differential thermometer, — Of all forms 
of air thermometer, that which has proved of greatest use 
in physical enquiries is the differential thermometer re- 
presented in fig. 428. This consists of two glass bulbs, 
A and B, connected by a rectangular glass tube. In the 
Fig. 427. horizontal part of the tube a small quantity of coloured 
liquid (sulphuric acid, for example) is placed. Atmos- 
pheric air is contained in the bulbs and tube, separated into two parts 
by the liquid. The instrument is so adjusted that, when the drop 
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Fig. 428. 

of liquid is at the middle df the horizontal tube, the air in the bulbs 
has the same pressure ; and, having equal volumes, the quantities at 
each side of the liquid are necessarily equal. If the bulbs be affected 
by different temperatures, the liquid will be pressed from that side 
at which the temperature is greatest, and the extent of its departure 
from the zero or middle is indicated by the scale. 

This thermometer is sometimes varied in its form and arrangement, 
but the principle remains the same. 

Its extreme sensitiveness, in virtue of which it indicates changes 
of temperature* too minute to be observed by common thermometers, 
renders it extremely valuable as an instrument 9( scientific research. 

By this instrument, changes of temperature not exceeding the 
6000th part of a degree are rendered sensible. 

1350. Pyrometers adapted to measure high temperatures. — The 
range of the mercurial thermometer beii\g limited by the boiling 
point of mercury, higher temperatures are measured by the expansion 
of solids, whose points of fusion are at a very elevated part of the 
thermometric scale. The solids which are best adapted for this pur- 
pose are the metals. Being good conductors, these are promptly 
affected by heat, and their indications are immediate, constant, and 
regular. 

Instruments adapted for the indication and measurement of this 
high range of temperature are called j^yrome^s. 
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1351. Qraduatum of a pjfromeUr. — To graduate a pyrometer, 
let the metatlio bar be immeised soocesavel; in meltiog ice aod boil- 
ing water, and let its lengtha at these l«iiiperataree t>e aoonratelj 
measured. Their difierence being divided bj 180, the quotient will 
be the increment of length corresponding to one degree of tempera- 
ture; and this increment being multiplied, the length corresponding 
to any proposed temperature may be ascertained. 

Let l" espreas the length of the bar at the temperatuiQ 32°. 

Let l' express its length at the temperature 212°. 

Let i express the increase of length corresponding to 1". 

We shall then have 



If L express in general the length-of the bar at the teatperKtiire 

expressed by t, we shall have 

L = L° + tX(T — 32), 

which means nothing more than that the length at the temperature 
T is found by adding to the length at the temperature 32° as many 
limes the increment corresponding to 1° as tit«e are degrees in t 
above 32°. 

The instrnment represented in Jig. 429., is one of the most dmple 
forms of pyrometer. 




A rod of metal, t, is in contact at one end with the point of a screw 
V, and at the other with a lever a, near its fulcrum. This lever is 
tiOQQected with another so as to fortU a compound system, such that 
any motion imparted by the rod to the point on the lever a in oon- 
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tact witli it is augmented in a high ratio, according to the principles 
explained in the Handbook of Mechanics (438). A lamp placed 
under the rod t raises its temperatore ; and, as it is resisted by the 
point of the screw v, its dilatation must take effect against the lever 
a, which, acting on the second lever, will move the index on the gra- 
duated arc c. The ratio of this motion to that of the end of the bar 
acting on the lever being known (438), the quantity of dilatation 
may be calculated. (See Appendix). 

1352. Temperature of metaUtc standard measures must he oh- 
served, — The standards used as measures of length for ascertaining 
distances* where great accuracy is required, such as in measuring the 
bases in geographical surveys, are usually rods of metal. But since 
these are subject to a change of length with every change of tempe- 
rature, it would follow that the results of any measurement made by 
them would be attended with corresponding errors. 

For the common purposes of domestic and commercial economy, 
such errors are too tnfling to be worth the trouble of correcting ; but 
this is not the case when they are applied to scientific purposes. It 
is necessary in such cases to observe the temperature of the rods at 
the moment each measurement is made. 

1353. Borda' s pyromstric standard meas^ire. — In the operation 
by which the great arc of the meridian in France was measured, a 
very beautiful expedient was contrived by Borda, in which the bar 
itself is converted into a thermometer which indicates its own tem- 
perature. This expedient was again rendered available for the series 
of experiments n^ade by Dulong and Petit, to ascertain the dilatation 
of bodies by heat. 

A bar of platinum, p p', Jig, 430., was connected at one extremity 
with a similar bar of brass, b b', of very nearly equal length. 



j^ 



Fig. 430. 

The two bars, being screwed or riveted together at the extremity 
B, were free at every other point. Near the extremity p' of the bar 
of platinum, and immediately under the extremity b' of the blass 
bar, a very exact scale was engraved, the divisions of which marked 
the millionth part of the entire length of the rod. The extremity 
b' of the brass bar carried an index, which moved upon the divided 
scale. Over the point of this was placed a microscope M, by which 
its position could be ascertained, and by which the divisions of the 
scale could be more exactly read off. 

If the two bars, p p' and b b', were equally dilatable^ it is evident 
that the same change of temperature affecting both would make no 
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ohange in the position of the index ; but^ brass being more dilatable 
than platinum^ the index pushed by the expansion of the bar B b' 
would be moved towards p' through a space greater than that by 
which the bar p p' would be lengthened, and, consequently, it would 
be advanced upon the scale through a space equal to the difference 
between the dilatation of the two bars. 

The manner of graduating the scale upon P p' was as follows. The 
compound bar being submerged in a bath of melting ice, the positicm 
of the index was observed. It was then transferred to a bath of 
boiling water, when the position of the index was again observed. 

The interval between these two positions being divided into 180 
equal parts, each part would represent one degree of temperature ; 
or, if such division were too minute to be practicable, it might be 
divided into a less number of equal parts, as, for example, 36, in 
which case each division would correspond to 5^. When the index, 
as most frequently happens, stands between two divisions of the scale, 
it is necessary to estimate or measure its distance from one of these 
divisions, in order to express its exact position. This is accomplished 
by a contrivance called a vernier, which, as it is of great use iu all 
cases wherg' the observation of scales is necessary in science and t;iie 
arts, it may be useful here to describe. 

1354. Construction omd use of a vernier. 
—7 The vernier is a contrivance which, by a 
subsidiary scale, supplies the means of esti- 
mating small fractions of the smallest divi- 
sion marked on the principal scale. 

Let A Bjjig, 431., represent a part of the 
principal scale. Let o D be the sliding- 
scale or vernier, which we will suppose to 
consist of 10 divisions equal in their total 
length to 11 divisions of the principal scale. 
Each division of the vernier will therefore 
be equal to eleven-tenths of a division of u 
the chief scale, and will exceed a division 
of the chief scale by a tenth of a division. 
Let us suppose that the index, D, of the 
vernier (which coincides with its zero), 
stands, as in Jig. 432., at M, between the 
divisions marked 55 and 56, and that the 
question is to estimate how much it is above 
55. Observe what division of the scale coin- 
cides either exactly or most nearly with a 
division of the vernier. The number of the 
vernier which stands at such division of the 
scale will express the number of tenths of 
Fig. 431. a division of the chief scale between the Fig. 432. 
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index of the vernier and the 55th division of the chief scale. In the 
present case, the 4th division of the vernier coincides nearly with the 
51st division of the chief scale. The point on the chief scale ihdi 
catedy therefore, hy the vernier, is 55-4. 

It is evident that the distance from the 55th division of the chief 
scale to the point M^ which coincides with the index or zero of the 
vernier, is the difference hetween 4 divisions of the vernier and 4 
divisions of the chief scale; and since a division of the vernier 
exceeds a division of the scale hy a tenth, 4 divisions of the vernier 
exceed 4 of the scale hy four-tenths. 



CHAP. III. 

DILATATION OP SOLIDS. 

1355. Solids least susceptible of dilatation, — Of all the states 
of aggregation of matter, that in which it is least susceptible of dila- 
tation is the solid state. This may be explained by the energy of 
the cohesion of the component particles of the body, which is the 
characteristic property of the solid state. It is the nature of heat, 
by whatever hypothesis that agency be explained, to introduce a 
repulsive force among the molecules of the body it pervades. In 
solid bodies this repulsive force, acting against the cohesive force, 
diminishes the tenacity of the body. The component parts have a 
tendency to separate from each other, and hence arises the phenome- 
non of dilatation ; but so long as the body preserves the character 
of solidity, the separation of t£e component molecules cannot exceed 
the limits of the play of the cohesive principle ; and as these limits 
are very small, no dilatation which is consistent with the character 
of a solid can be considerable. 

1356. Homogeneous solids dilate equally throughout their volume 
— If a solid body be perfectly homogeneous, it will dilate uniformly 
throughout its entire volume by a uniform elevation of temperature. 
Thus, the length, breadth, and depth will, in general, be all aug- 
mented in the same proportion. 

1357. Dilatation of volume and surface computed from linear 
dilatation, — It is a principle of geometry, that when a solid body, 
without undergoing any change of figure, receives a small increase of 
magnitude, its increase of surface will be twice, and its increase of 
volume thrice, the increase of its linear dimensions. That is to say, 
if its length be augmented by a thousandth part of its primitive 
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leDgtb, its surface will be augmented by two thousandth parts of its 
primitive surface^ and its volume by three thousandth parts of its 
pritnitive volume. This is not true in a strictly mathematical sense^ 
but it is sufficiently near the truth for all practical purposes. 

Now, since all solid bodies of uniform structure, when affected by 
heat, expand or contract without suffering any change of figure, and 
since, while their change of their linear dimensions can be easily and 
exactly ascertained, that of their surface or volume would be deter- 
mined with much more difficulty, the changes of these last are deduced 
from the first by multiplying it by 2 for the increment of surface, 
and by 3 'for the increment of volume. 

Thus, if it be found thkt a bar of zinc being raised from 132® to 
212®, receive an increment of length equal to the 340th part of its 
length at 32®, it may be inferred that its increment of surface is ttoo 
340th parts, and that its increment of volume is three 340th parts 
of its volume at 32®. (See Appendix). 

1358. Dilatation of solids uniform between, the standard therrno- 
metric points, — It is found that solid bodies in general suffer a uni- 
form rate of dilatation, through a range of temperature extending 
from 32° to 212®; that is to say, the increments of volume which 
attend each degree of temperature which the body receives are equal. 
If, therefore, the entire increment of volume which such a body 
undergoes when it is raised from 32® to 212® be divided by 180, the 
quotient will be the increment of volume which it receives when its 
temperature is raised one degree. 

1359. Dilatation ceases to he uniform near the point of fusion, — 
When solids are elevated to temperatures much above 212®, and 
more especially when they approach those temperatures at which they 
would be fused or liquefied, the dilatations are not uniform. As the 
temperature is raised, the rate of dilatation is increased, that is to 
say, a greater increment of volume attends each degree of tempera- 
ture. (See Appendix). 

1360. Exceptional cases p^'esented hy certain crystals, — There 
are also certain exceptional cases in some crystallized bodies, in which, 
notwithstanding they are homogeneous, the dilatation is nut equal in 
all their dimensions. Certain crystals are found to suffer more dila- 
tation in the direction of one axis than iu the direction of another. 

1361. Tabular statement of the rates of dilatation of solids. — 
In the following table are given the rates of dilatation of solid bodies 
according to the most recent and accredited authorities. In the first 
column is given the limits of temperature between which the dilata- 
tion has taken place ; in the second is given the increment of the 
linear dimensions, expressed decimally, the linear dimension at the 
lower temperature being the unit. In the third column the same in 
expressed as a vulgar fraction. 
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Table of &e linear DikUaiim of Solids. 



loUnal 

Tanpcnton. 



DtUUIiou in FneUoiu. 



According U> Lavomer and Laplac 



Flint glass (EDglish). 

Ptatdnnm (aoooiding to Borda)... 

Glass (Frenob) with lead 

Glass tube Trithont lead 

Ditto 

Ditto 

Ditto 

Glass (St. Oobain) 

Steel (utttempered) 

Ditto 

Ditto 

Steel, tempered yellow, annealed 

at 149° 

Iron, soft foived 

Iron, roand,inre-drawn 

Gold 

Gold (French standard) annealed 
Gold (Ditto) not annealed. 

Oopper 

Ditto 

Mtto 



Ditto 

Wtto 

Silver (Fans standard) 

Silver (of Cupel) , 

Tin, Indian or of Mokcca... 

^in, Falmonth 

Lead 



Glass, white, (barometer tubes). . 

Antimony 

Steel, blistered 

Steel, tempered 

Iron 

BismnUi 

Copper, hammered.. 



According to Smealon. 



■00081166 

1-00086655 
1-00087199 
I ■00087572 



100107880 
100107916 
100107960 



■00122045 

■00123504 



00151861 
00155165 
■00171220 
■00171733 
00172240 
■00186670 
■00187821 
■00188970 



100190974 
100 193765 
100217298 

100284836 



100116000 

1-00122500 
1-00125833 
(00139167 

i-oonoooG 



TTSI 

mi 

tA. 
tAj 

TT23 



According to 

Copper Sparta, tin 1 

Braes cast 

Bntss 16 porta, tin 1 

Brasi vire 

TeleBcope speculum metal 

Solda- (coppei' 2, zinc 1) 

Tin (fine) 

Tin (gndn) 

Solder white (tin 1 part, lead 2) 
Zino 8 parte, tin 1, sUghtly forged 
Lead 

Zinc lengthen'd -^ by hammering 
According to Maj 

GUm (tube) 

OksB (solid rod) 

Iron cast (prism of) 

Steel {rod of) 

Brass (Hamburgh) 

Brass (English) rod 

Brass (English), aDgolar 

According to 

Platinnm 

Steel 

Iron wire drawn... 
Copper 

Falladium 



SmetUon (continued). 



82° to 212" 


0-00181667 


B 


it 


0-00187500 




« 


0-00190833 


I 4 


u 


000193333 


« 


000193333 


B 7 
\ ■ 


" 


0-00205833 


" 


0-00228333 


" 


0-00248333 


" 


0-00250533 




0-00269167 




■< 


0-db286667 


B a 




0-00294167 


1 s 


« 


0-00810883 


^.General Roy. 


32»to217° 


0-00077550 


tVtitf 


" 


000080833 


^? 


" 


0-00111000 




ti 


000114450 




" 


000185560 




" 


00189296 




« 


000189450 


I B 




82" to 212° 


0-00099180 


TT^ 


« 


0-001 18990 


B 


" 


0-00144010 


" 


0-00191880 




" 


0-00208260 


a B 



According to 

1 

According to Did 



10-00100000 It Ai 



Copper.., 



32 


to212» 


y.'?. 


to 572° 


y.'^ 


to 212° 


w. 


to 392° 


m 


to 572° 


32 


to 212° 


32 


to5T2° 


82 


to 212° 


82° to 672° I 



1-00184502 
1-00303252 
1-00118210 
1-00440528 
(■00171820 
1-00564972 
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1362. Measure of the force of dilatation and contraction of 
9olids. — The force with which solid bodies dilate and contract is 
equal to that which would compress them through a space equal to 
their dilatation, and to that which would stretch them through a space 
equal to the amount of their contraction. Thus, if a pillar of metal 
one hundred inches in height, being raised in temperature, is aug- 
mented in height by a quarter of an inch, the force with which such 
increase of height is produced is equal to a weight which being placed 
upon the top of the pillar would compress it so as to diminish itn 
he^ht by a quarter of an inch. 

Li the same manner, if a rod of metal, one hundred inches in 
length, be contracted by diminished temperature, so as to render its 
length a quarter of an inch less, the force with which this contraction 
takes place is equal to that which being applied to stretch it would 
cause its length to be increased by a quarter of an inch. 

1363. Practical application of the forces of dilatation and con' 
fraction in dravring together the walls of buildings. — This principle 
18 often practically applied in cases where great mechanical force is 
required to be exerted through small spaces. Thus, in cases where 
the walls of a building have been thrown out of the perpendicular 
either by the unequal subudence of the foundation or by the incum- 
bent pressure of the roof, they have been restored to the perpendicu- 
lar by the following arrangement : — 

A series of iron rods are carried across the building, passing 
through holes in the walls, and are secured by nuts on the outside. 
The alternate bars are then heated by lamps until they expand, 
when the nuts, which are thus removed to some distance from the 
walls by the increased length of the bars, are screwed up so as to be 
in close contact with them. The lamps are then withdrawn, and the 
bars allowed to cool. In cooling they gradually contract, and the 
walls are drawn together by the nuts through a space equal to their 
contraotion. Meanwhile the intermediate bars have been heated and 
expanded, and the nuts screwed up as before. The lamps being 
again withdrawn and transferred to the first set of bars, the second 
set are contracted in cooling, and the walls further drawn toother. 
This process is continually repeated, until at length the walls are 
restored to their perpendicular position. 

1364. Moulds for coasting in metal must he larger than the object 
to be cast. — In all cases where moulds are constructed for casting 
objects in metal, the moulds must be made larger than the intended 
magnitude of the object, in order to allow for its contraction in 
cooling. Thus the moulds for casting cannon balls must always be 
greater than the calibre of the gun, since the magnitude of the mould 
will be that of the ball when the metal is incandescent, and there- 
fore greater than when it is cold. 

1365. Hoops and tires tightened by the contraction in coolitig. — 
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Hoops snrrouDdiDg water-vats, tubs and barrels, and other vessels 
composed of staves, and the tires surrounding wheels, are put on in 
close contact at a high temperature^ and, cooling, they contract and 
bind together the staves or fellies with greater force than could be 
conveniently applied by any mechanical means. 

1366. Compensators necessary in all metallic structures, — In all 
structures composed of metal, or in which metal is used in combina- 
tion with other materials, such as roofs, conservatories, bridges, rail- 
ings, pipes for the conveyance of gas or water, rafters for flooring, 
&c., compensating expedients must be introduced to allow the free 
play of the metallic bars in dilating and contracting with the vicissi- 
tudes of temperature to which they are exposed during the change 
of seasons. 

These expedients vary with the way in which the metal is applied, 
and with the character of the structure. Pipes are generally so 
joined from place to place as to be capable of sliding one within 
another, by a telescopic joint. The successive rails which compose a 
line of railways cannot be placed end to end, but space must be left 
between their extremities for dilatation. 

1367. Blistering and cracking of lead and zinc roofs, — Sheet 
lead and zinc, both of which metals are very dilatable, when used to 
cover roofs where they are especially exposed to vicissitudes of tem- 
perature, are liable to blister in hot weather by expansion and to 
crack in cold weather by contraction, unless expedients are adopted 
to obviate this : zinc, being much more dilatable than lead, is more 
liable to these objections. 

1368. MetaMic inlaying liable to start. — ^When ornamental furni- 
ture is inlaid with metal without providing for its expansion, the 
metal, being more dilatable than the wood, is liable^ in a warm room, 
to expand and start from its seat. 

1369. Compensating pendulum, — It has been already shown 
(Handbook of Mechanics, 547) that the centre of oscillation of a 
pendulum ought to be kept constantly at the same distance from its 
point of suspension, since (Otherwise the rate of the time-piece regu- 
lated by it would not be uniform. This object has been attained by 
connecting the bob of the pendulum with the point of suspension 
by rods composed of materials expansible in different degrees, so 
arranged, that the dilatation of one shall augment the distance of the 
centre of oscillation from the point of suspension, while the expan- 
sion of the other diminishes it. 

Let s^Jig. 433., be the point of suspension, and o the centre of 
oscillation, and let s be supposed to be connected with o by means 
of two rods of metal, s A and A o, which are united at A, but inde- 
pendent of each other at every other point. 

If such a pendulum be affected by an increase of temperature, the 
rod s A will suffer an increment of length, by which the point A 
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and the rod A o attached to it will be lowered ; but, at the 
same time^ the rod A o being subject to the same increase 
of temperature, will receive an increment of length, in con- 
sequence of which the point o will be raised to an increased 
distance above the point A, at which the rods are united. 
If the increment of the length of the rod A o be in this 
o case equal to the increment of the rod s A, then the point 
o will be raised as much by the increase of the length of 
A O as it is lowered by the increase of the length of s A, 
and, consequently, its distance from the point s will remain 
the same as before the change of temperature takes place. 
To fulfil these conditions, it is only necessary that the' 
A length of the rod a o shall be less than the length of the 
Fig. 433. rod s A in exactly the same proportion as the expansibility 
of the metal composing A o exceeds the expansibility of the 
metal composing s A. If the lengths of s A and a o were equal, 
their increments of length would be proportional to their dilatations ; 
but the length of the more dilatable rod A o, being less than that 
of the less dilatable s A, in the same proportion as the dilatability of 
the former is greatei^ than that of the latter, the absolute increments 
of their length will necessarily l)e equal, the greater dilatability of 
A o being compensated by its lesser length. (See Appendix). 

1370. Harrison's gridiron pendulum, — This prin- 

Ldple is variously applied in different pendulums. That 
which is best known is Harrison's gridiron pendulum 
.^ represented in fig. 434. The bob P is attached to a rod 
of iron p o, having a cross-piece c at the top. This 
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cross-piece rests upon two rods of brass, r G and K L, 
which are themselves supported by a cross-piece, B E, of 
iron. This latter piece is attached to two rods of iron, 
B A and E D, which are themselves attached to a cross- 
piece connected with the point of suspension or knife- 
edge on which the pendulum vibrates. By the expan- 
sion of the iron rods A b and D e, the distance of the 
cross-piece B e from the point of suspension is aug- 
mented ; and by the expansion of the iron rod c P the 
distance of the bob P, and therefore of the centre of 
oscillation from the same point, is augmented. By the 
expansion of the brass rods F G and K L, the distance 
of the cross-piece c from the cross-piece b E is aug- 
mented, and therefore the bob P and the centre of oscil- 
lation proportionally raised. Thus, the distance of the 
bob p and the centre of oscillation from the point of 
suspension will depend upon the relative amounts of the 
two dilatations of the iron and brass rods, the former having a ten- 
dency to lower; and the latter to raise it. By the table oi QiL^^\i^<^Ti<& 
II. 5 




Fig. 434. 
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(1861); it appears that the linear expansion of brass for any ^ven 
change of temperature is greater than that of iron in the ratio of 
1*48 to 1. If, then, the total length of the rods A b and p c be 
greater than that of f g in the ratio of 1*48 to one, their actual dila- 
tations will be equal, and the centre of oscillation will remain at the 
same distance from the point of suspension. 

1371. Bars of differevU metals mutually attached are curved by 
dilatoMon and contra^ction, — If two straight bars of differently dila- 
table metals be soldered together, every change of temperature will 
bend the combined bar into the form of a curve, the more dilatable 
metal being on the convex side of the curve when the temperature is 
raised, and on the concave side of it when it is lowered. 

Let the more dilatable metal be called A, and the less dilatable B. 
Now, if the temperature be raised, a will become longer than B, and, 
as they cannot separate, they must assume such a form, being still 
in contact, as is consistent with the inequality of their lengths. This 
is a condition which will be satisfied by a curve in which the bar A 
is on the convex and the bar b on the concave side. 

If the temperature, on the other hand, be lowered, the more 
dilatable metal being also the more contractible, the bur A will be 
more diminished in length than the bar b, and being, therefore, the 
shorter, will necessarily be on the concave side of the curve. 

1372. Application of this principle to compensation pendulum^sj-^-^ 
This principle has been ingeniously applied as a compensator in the 
pendulums of clocks and the balance-wheels of watches. 

Such a compound bar as we have just described is placed at right 
angles to the rod of the pendulum, and has, at its extremities, two 
bobs. When the temperature rises, and the centre of oscillation is, 
by expansion of the pendulum, removed to a greater distance from the 
point of suspension, this compensating bar is bent into the form of 
a curve concave towards the point of suspension, as represented in 
fig, 435.; and the bobs which it carries at its extremities being 
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Fig. 435. 



Fig. 436. 



brought closer to the point of suspensfon, compensate for the increased 
distance of the bob of the pendulum from that point. 
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I^ oa the other hand, the temperature fiilh^ and the rod of the peii- 
dalmn contracting brings the bob and the centre of oscillation nearer 
to the point of suspension^ the compensating bar is bent into a curve, 
which is concave downwards^ as represented in jig, 436. ; and the 
bobs which it carries being removed to an increased distance from 
the point of suspension, compensate for the diminished distance of 
the bob of the pendulum. 

1373. Ju, a^Ucation to balance-wheels, — The balance-wheel of 
a watch is a metallic wheel, which moves on a finely-constructed 
centre, and is connected with a fine spiral spring, from which it 
receives aii oscillating motion, the time of its oscillation depending 
partly upon the diameter of the wheel. Now any change of tempera- 
tare affecting the magnitude of the wheel by expansion and contrac- 
tion will castse a change in its diameter, and a consequent change in 
the time of its oscillation, and the rate of the time-piece which it 
regulates. 

This irregolaKity has been compensated by attaching to the rim of 
the wheel a compound metallic arch such as that already described. 
When the temperature rises, and the diameter of the wheel is aug- 
ipented, this arch, with its concavity towards the centre of the wheel, 
becomes more concave, and a weight which it carries is brought 
nearer to the centre of the wheel, and this compensates for the 
increased magnitude of the wheel. If, on the other hand, the tem- 
perature is lowered,' and the diameter of the wheel diminished by 
contraction, this arch becomes less concave, and the weight which it 
carries is removed to a greater distance from the centre, and this 
compensates for the diminidhed diameter of the wheel. 



GHAP. IV. 

DILATATION OP GASBS. 

1374. Volume of gaseous bodies dependent on pressure and tern- 
peraiure. — It has been already shown (Hand-book of Hydrostatics, 
Hydraulics, Pneumatics, and Sound, 706), that the dimensions of 
bodies in the gaseous state are dependent upon the pressure by which 
they are confined. They are capable of expanding spontaneously 
into any dimensions, however great, and of being reduced by greater 
pressure to any volume, however small. It follows, therefore, that 
whenever it be reqiured to determine the change of dimensions of 
gaseous bodies produced by change of temperature, it wUI b^ li^^ci^ii^ 
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sary to provide means of keeping them daring the experiment under 
a uniform pressure, since otherwise the change of dimensions due to 
change of pressure would be combined with that which is due to 
change of temperature. 

1375. Method qf observing the dilatation of gases under uniform 
pressure. — Experimental enquirers have . contrived and practiced 
various expedients to accomplish this, one of the most simple of which 

is that of M. Pouillet, represented in fig, 437. 

« ^ . An iron siphon tube d o is formed with short 

Leg n!D ^®S^^ ^°°^ *^® bottom of which proceeds a pipe 

with a stop-cock T, under which is placed a cis- 
tern or reservoir G. In the legs of the siphon 
D are inserted two glass tubes, d e and o b, 
of more than J;hirtj inches in height. The 
tube D E is open at the top ; the tube B is 
closed at the top, but has a horizontal branch 
united to it at B, which is connected with a 
tube A B made of platinum, which terminates 
in a hollow ball A, also of platinum. A stop- 
cock is provided in the tube B A, so as to com- 
d municate at pleasure with the external air. 

r^^ The stop-cock p being closed, and the stop-cock 

' ^ ' in the tube B A being open, mercury is poured 

Fig. 437. into the tube D E, so as to fill the. glass tubes 

D E and c B nearly to the top. Since the two 
tubes D E and c B both communicate with the external air, the columns 
of mercury in them will stand at the same level. To determine the 
expansion which air suffers when raised from the freezing to the boil- 
ing point under a uniform pressure, let the reservoir A be immersed 
in a bath of melting ice, so as to reduce the air included in it to the 
freezing point. Let the stop-cock in the tube B A be then closed, 
and let the bulb A be removed to a bath of boiling water. The air 
in the bulb expanding will press down the column of mercury in B 
G, and will cause the column in D E to rise ; so that the levels of the 
two columns will no longer coincide. But they may be equalized by 
opening the stop-cock P, and allowing mercury to flow into the reser- 
voir G from the siphon, until the levels in the two legs come to the 
same point. When that is accomplished, the pressure upon the 
expanded air included in the bulb A, and the tube communicating 
with it, will be equal to that of the atmosphere, and equal to that 
which the same air has when at the freezing point. 

The capacity of the tube c B being known, the volume which cor- 
responds to any length of it will be also known. 

Now the increment* of volume which the air has suffered by expan- 
sion will be indicated by the height through which the mercury has 
fallen in the tube c b. This increment, therefore, will be the dilata- 
52 
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tion of ihe air inoladed in the bulb A and the commanicating tube 
between the freezing and boiliog points. 

In the same manner, bj this apparatus, the dilatation corresponding 
to any change whatever of temperature under a given pressure can 
be ascertained. 

1376. DilatcUion of gaseous bodies uniform and equal. — It has 
been proved by experiments made with this as well as a variety of 
other apparatus adapted to the same purpose, that the dilatation of 
all bodies in the gaseous form is perfectly uniform throughout the 
whole extent of the thermometric scale, the same increments of tem- 
perature producing, under the same pressure, equal increments of 
volume. But, what is still more remarkable, it has been found that 
all gases whatever, as well as all vapours raised from liquids by heat, 
are subject to exactly the same quantity of expansion by the same 
change of temperature. 

1377. Amount of this dilatation ascertained, — By the experi- 
ments of M. Gay Lussac, it was demonstrated in 1804 that 1000 
cubic inches of atmospheric air raised from the freezing to the boiling 
point were dilated so as to make 1375 inches. Ttiese experiments 
have more recently been repeated by MM. Budberg, Magnus, Beg- 
nault, and Pouillet. It has been found that the dilatation is more 
exactly expressed by 1367 cubic inches. Thus, the increment of 
volume of atmospheric air between 32^ and 212° is the -j^^th, or 
very nearly one-third of its volume at 32^. It follows, therefore, that 
ten cubic inches of atmospheric air at 32° will, if raised to the tem- 
perature of 212°, become by dilatation, nearly 13y^ cubic inches ; 
and, for every additional 180° of temperature which it receives, it 
will undergo a like increase of volume. 

1378. Increment of volume corresponding to 1°. — To find the 
increment of volume corresponding to one degree of tempera- 
ture, we have only to divide the fraction -^^j^ by 180, which gives 

The increment of volume, therefore, which any gas or vapour 
nndergoes when, under the same pressure, the temperature is raised 
one degree, is the 490th part of the volume which it would have if 
reduced to the temperature of 32°. 

It follows from this, that if any volume of air at 32° be raised to 
the temperature of 32° 4- 490° =522°, it will expand into twice its 
volume ; and if it be raised to a temperature of 32° + 2 x 490 = 1012, 
it will be expanded into three times its volume, and so on. 

1379. Hxfperiments of Gay I/ussaCy Dulong and Petit showed 
the uniformity artd equality of eocpansion. — The well-known expe- 
riments of Gay Lussac, the results of which were in accordance with 
those subsequently obtained by Dulong-and Petit, establish the fact, 
that all gases, as well 'as all vapours, undergo equal c\i%ii^^ Q»t 

5* 
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volume, by equal increments of temperature, the co-efficient of the 
expansion of atmospheric air being common to all. 

1380. This result qualified hy the researches of Rydherg, Magnus 
and Regnault, — Rudberg first called in question the correctness of 
this principle, and not only showed that the co-efficient of the expan- 
sion of atmospheric atr previously determined was inexact, but that 
other gases, though so nearly equal in their rates of expansion to 
each other and to atmospheric air, were not precisely sp. These 
researches of Rudberg have been confirmed by those of Magnus and 
Regnault ; and it appears from them that the following are the incre- 
ments of volume which the undermentioned gases undergo between 
32° and 212°, their volume at 32° being 1-000. 

Hydrogen 0-366 

Atmospheric air 0-367 

Carbonic oxide 0*367 

Carbonic acid 0*371 

Protoxide of azote 0*372 

Cyanogen 0*388 

Sulphurous acid 0*390 

M. Regnault also found that the dilatations of the same gases are 
not exactly the same at all pressures. Thus, under 3^ atmospheres^ 
the dilatation of hydrogen remains unvaried, but the dilatation of air 
increases from 0-367 to 0-369, and that of carbonic acid from 0-371 
to 0-385, while the dilatation of sulphurous acid, under a pressure 
of only one atmosphere, increases from 0-390 to 0*398. 

Thus it appears that although it be certain that the gases are sub- 
ject to a small difference in their rates of dilatation, and also that the 
rate of dilatation of the same gas is not absolutely the same at diffis- 
rent pressures, yet the inequality and variations are such as may be 
disregarded for all practical purposes ; and it may be assumed that 
all gases and all vapours dilate uniformly, and in the same degree as 
atmospheric air. 

1381. Formulas to compute the change of volume of a gas corre- 
sponding to a given change of temperature, — The following formulao 
will serve to calculate the change of volume which atmospheric air, 
or any other gas which dilates equally with it, undergoes for any 
proposed change of temperature. 

Let V express a volume of air at 32°. 

Let V express its volume when raised to a temperature which ex- 
ceeds 32° by a number of degrees expressed by t. 

The increment of volume, therefore, corresponding to the incre- 
ment of temperature expressed by T, will be v— t?; and since the 

increment of volume corresponding to 1° is -r^, the increment cor- 

V 

responding to t degrees wijl be -^^ X t, We shall therefore have 
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V 



and consequently, 



^-"=4no^''5 



=(^+m) 



Xv. 



In this case the gas ,has been supposed to be submitted to an 
increase of temperature. If it be reduced to a lower temperature^ 
it will suffer a decrement of volame expressed by v — v; and if t 
express the number of degrees below 32^ to which it is reduced, the 

V 

decrement of volume for 1® being j^r:, the decrement for T degrees 

V 

will be as before, tttj^X t, and we shall have 

' 490 



V 



from which we find. 



"-^=490 ''^' 



•^O-iio)^''- 



If, therefore, the volume of a gas at 32^ be known, its volume at 
any other temperature above or below 32° may be calculated by the 
following 

EULE. 

• 
Divide the difference hetween the number of degrees in the tempe- 
rature and 32° 6y 490. Add the quotient to 1 if the temperature 
he above 32°, and subtract it- from 1 if it be below 32°. Multipli/ 
the volume of the gas at 32° by the resulting number y and tlie pi'o- 
du>ct will be the volume of the gas at the proposed temperature. 



TABLE SHOWING THE CHANGES OP VOLUME OP A GASEOUS BODY 
CONSEQUENT ON GIVEN CHANGES OP TEMPERATURE. 

In the columns v of the following table are expressed in cubic 
inches the volumes which a thousand cubic inches of air at 32° will 
have at the temperatures expressed in the columns T, being supposed 
to be maintained under the same pressure. 



T. 


V. 


T. 


V. 


T. 


V. 


i T. 


V. 


T. 


V. 


—60 


832-7 


-40 


853-1 


—30 


873-5 


—20 


893-9 


—10 


914-3 


—49 


834-7 


—39 


855-1 


—29 


875-5 


—19 


895-9 


— 9 


916-3 


—48 


836-7 


—38 


8571 


—28 


877-6 


—18 


898-0 


— 8 


918-4 


-47 


838-8 


—37 


859-2 


—27 


879-6 


—17 


900-0 


— 7 


920-4 


—46 


840-8 


—36 


861-2 


—26 


881-6 


—16 


902-0 


— 6 


92-2-5 


—45 


842-8 


—36 


863-3 


—25 


883-7 


—15 


904-1 


— 5 


924-5 


—44 


844-9 


—34 


865-3 


—24 


885-7 


—14 


906-1 


— 4 


926-5 


—43 


846-9 


—33 


867-3 


—23 


887-8 


—13 


908-2 


— 3 


928-6 


-42 


849H) 


—32 


869-4 


—22 


889-8 


—12 


910-2 


— 2 


930-6 


—41 


861-0 


—81 


871-4 


—21 


891-8 


—11 


912-2 


\— A 


^ '^^'>n 
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T. 


V. 


T. 


V. 


T. 


V. , 


! T. 


V. 


T. 


V. 





934-7 


48 


1032-7 


96 


1130-6 


144 


1228-6 


192 


132e-5 


1 


936-7 


49 


1034-7 


97 


1132-7 


146 


1230-6 


193 


1328-« 


2 


938-8 


50 


1036-7 


98 


llJU-7 


146 


1232-7 


194 


1880*6 


3 


940-8 


61 


10388 


99 


1130-7 


147 


1234-7 


196 


1332-6 


4 


942-9 


52 


1040-8 


100 


1138-8 


148 


1236-7 


196 


1834-7 


6 


944-9 


53 


1042-9 


101 


1140-8 


149 


1238-8 


197 


1836-7 


6 


947-0 


54 


1044-9 


102 


1142-9 


150 


1240-8 


198 


1838-8 


7 


949-0 


65 


1046-9 


103 


1144-9 


151 


1212-9 


199 


1840-8 


8 


961-0 


56 


1049-0 


104 


1147 


152 


1244-9 


aoo 


1342-9 


9 


963-1 


67 


1051-0 


106 


1140-0 


153 


1246-9 


201 


1844-9 


10 


9551 


68 


1053-1 


106 


1161-0 


164 


1249^ 


2oa 


I340-Q 


11 


967-1 


69 


1056-1 


107 


1153-1 


156 


1251-0 


203 


18490 


12 


969-2 


60 


1067-1 


108 


11551 


166 


1263-0 


ao4 


1861-0 


13 


961-2 


61 


1059-2 


109 


1157-1 


157 


1255-1 


206 


1883-1 


14 


963-3 


62 


1061-2 


110 


1169-2 


168 


1267-1 


206 


13661 


16 


965-3 


63 


10C3-3 


111 


1161-2 


169 


1259-2 


207 


1367-1 


16 


967-3 


64 


1065-3 


112; 


11G3-3 


160 


1261-2 


208 


1859-2 


17 


969-4 


65 


1067-3 


113 


1165-3 


161 


1263-3 


209 


1861-2 


18 


971*4 


66 


1069-4 


114 


1167-3 


162 


1266-3 


210 


1363-3 


19 


973-5 


67 


1071-4 


115 


1169-4 


163 


1267-3 


211 


1366-8 


20 


975-5 


68 


1073-5 


116 


11714 


164 


1269-4 


212 


1367-3 


21 


977-6 


69 


1075-5 


117 


1173-5 


166 


1271-4 


213 


1369-4 


22 


979-6 


70 


1077.6 


118 


1175-6 


166 


1273-6 


214 


1371-4 


23 


981-6 


71 


1079-6 


119 


1177-6 


167 


1275-5 


216 


1378-5 


24 


983-7 


72 


1081-6 


120 


1179-6 


168 


1277-5 


216 


1876-6 


25 


985-7 


73 


1083-7 


121 


1181-6 


169 


1279-6 


217 


1377-6 


26 


987-8 


74 


1086-7 


122 


1183-7 


170 


1281-6 


218 


1379-6 


27 


989-8 


75 


1087-8 


123 


11867 


171 


1283-7 


219 


1381-6 


28 


991-8 


76 


10S9-8 


124 


1187-8 


172 


1285-7 


220 


1383-7 


29 


993-9 


77 


1091-8 


125 


1189-8 


173 


1287-8 






80 


995-9 


78 


1093-9 


126 


1191-8 


174 


1289-8 ' 


220 


1883-7 


31 


998-0 


79 


1095-9 


127 


1193-9 


175 


1291-8 


230 


14041 


32 


1000-0 


80 


1098-0 


128 


1195-9 


176 


1293-9 


1 240 


1424-5 


33 


1002-0 


81 


iion-0 


129 


11980 


177 


1295-9 


250 


1444-9 


34 


1004-1 


82 


1102-0 


130 


1-200-0 


178 


1298-0 : 


260 


1466-3 


35 


1006-1 


83 


1104-1 


131 


1202-0 


179 


1300-0 i 


270 


1485-7 


36 


1008-2 


84 


1106-1 


132 


1204-1 


180 


1302-0 


280 


1506-1 


37 


1010-2 


85 


1108-2 


133 


1206-1 


181 


1304-1 


290 


1626-5 


38 


1012-2 


86 


1110-2 


134 


1208-2 


182 


130G-1 


1 800 


1&46-9 


39 


1014-3 


87 


1112-2 


135 


1210-2 


183 


1308-2 ' 




40 


1016-3 


88 


1114-3 


136 


1212-2 


184 


1310-2 ' 


; 300 


1546-9 


41 


1018-4 


89 


1116-3 


137 


1214-3 


185 


1312-2 


' 400 


1751-0 


42 


1020-4 


90 


1118-4 


138 


1216-3 


186 


1314-3 1 


! 600 


19561 


43 


1022-4 


91 


1120-4 


139 


1-218-4 


187 


1316-3 


600 


2159-2 


44 


1024-6 


92 


1122-4 


140 


12-20-4 


188 


1318-4 


700 


2363-8 


45 


1020-5 


93 


11245 


141 


1222-4 


1 189 


1320-4 


800 


2667-8 


46 


1028-6 


94 


1126-5 


142 


1-2-24-5 


190 


13224 


900 


2771-4 


47 


1030-6 


95 


1128-fi 


143 


12-26-5 


191 


1324-6 


1000 


2976-6 



1382. Increase of pressure due to increase of temperature. — If 
air or gas be included within any limits which prevent its expansion 
by increase of temperature, its elastic force or pressure will be in- 
creased in the same proportion as its volume would be increased if it 
were not thus confined. Thus, if a certain quantity of air confined 
under a given pressure receive such an increase of temperature as 
would cause it to expand into double its volume, and if, after having 
so expanded, it be subject to such an increased pressure as will reduce 
it to its primitive volume, it will acquire double its primitive pressure. 
This follows from the principles already established, that the pressure 
of air and gas is universally as the volume into which they are com- 
pressed. 

1383 Formvlse expressiiig tJie general relation between the volume^ 
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tempercUwrey cmd pressure. — It will be convenient, however, to estab- 
lish general formalse by which the relation between the volame and 
temperature of the same gases under different pressures may be ex- 
pressed, so that the volume at any given temperature and pressure 
being given, the volume at any other temperature and pressure may 
be obtained. 

It has been already shown^ that at the same temperature the vol- 
ume will be inversely as the pressure (Hand-book of Hydrostatics, 
Hydraulics, Pneumatics, and Sound, 708); so that, if v and V be 
two volumes at the same temperature and under the pressures P and 
p^, we shall have 

V : v' :: p' : p; 
and therefore 

v' = V X -:. 

p' 
Hence it follows, that if the same quantity of air or gas be simul- 
taneoosly submitted to changes of temperature and pressure, the 
relation between its volumes, pressures, and temperatures, will be 
expressed by the general formula 

V _ 490 jiT p'^ 

where t and t' express the number of degrees above or below 32° at 
which the temperature stands, -f being used when above and — 
when below 32°, and the pressures being expressed in the usual man- 
ner by P and p'. 

By this formula, the volume of a gas at any proposed temperature 
and pressure may be found, if its volume at any other temperature 
and pressure be given. \ 

1384. Examples of the effects of dilatation and contraction, — 
The expansion and contraction of air explain a multitude of pheno- 
mena which present themselves in the natural world, in domestio 
economy, and in the arts. 

1385. Ventilation and warming of huiMings, — In the ventila- 
tion and warming of buildings, the entire process, whatever expedi- 
en,ts may be adopted, is dependent upon this principle. When a fire 
is lighted in an open stove to warm a room, the smoke and the gaseous 
products of combustion, ascending the chimney, soon fill the flue with 
a column of air so expanded by heat as to be lighter, bulk for bulk, 
than a similar column of atmospheric air. Such a column, therefore, 
will have a buoyancy proportional to its relative lightness. This up- 
ward tendency is what constitutes the draft of the chimney ; and this 
draft will accordingly be strong and effective in just the same pro- 
portion as the column of air in thd* chimney is kept warm. , When 
the fire is first lighted, the chimney being filled with cold «At) \k^t« 
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is no draft; and, consequently, the flame and smoke often issue into 
ihe room. According as tjbe column of aii* in the chimney becomes 
gradually warm; the draft is produced and increased. The draft is 
sometimes stimulated by holding burning fuel for some time in the 
flue, so as to warm the lower strata of air in it 

But the most effectual method of stimulating the drafib when the 
Are is lighted is by what is called a blower, which is a sheet of iron 
that stops up the space above the grate bars, and preveuts any air 
from enteriog the chimney except that which passes through the fiiel, 
and produces the combustion. This soon causes the column of air in 
the chimney to become heated, and a draft of considerable force ia 
speedily produced through the fire. 

1386. Effect of open fire-flaces and close stoves. — Anopenchim* 
ney differs from* a close stove, inasmuch as the former serves the dou- 
ble purpose of warming and ventilating the room, whereas the latter 
only warms, and can scarcely be said to ventilate. In a close stove, 
no air passes through the room to the flue of the chimney, except thai 
which passes through the fuel, and that is necessarily limited inqaan-r 
tity by the rate of combustion maintained in the stove. In an open 
fire-place, on the other hand, two independent currents of air pass 
into the flue, one that which passes through the fuel and maintains 
the combustion, and the other, which is far more considerable in quan- 
tity, is that which passes through the opening of the fire-place above 
the grate. 

The temperature of the column in the flue is due entirely to the 
former, and the activity of the combustion will be determined by the 
relative magnitocfes of the grate and the space above it ) these two 
magnitudes representing the proportion in which the open stove serves 
the two purposes of warming and ventilation, the grate representing 
^he function of warming, and the space above it the function of ven- 
tilating. Even when there is no fire lighted in the grate, the column 
of air in the chimney is in general at a higher temperature than the 
external air, and a current will therefore in such case be established up 
the chimney, so that the fire-place will still serve, even in the absence 
of fire, the purposes of ventilation. In very warm weather, however, 
when the external air is at a higher temperature than the air within 
the building, the effects are reversed ; and the air in the chimney 
being cooled, and therefore heavier than the external air, a downward 
current is established, which produces in the room the odour of soot. 
To prevent this, a trap or valve is usually provided in it, which can 
be closed at pleasure, so as to intercept the current. It should be 
observed, however, that this trap should only be closed when a down- 
ward current is established ; since, at other times, even in the absence 
of fire, the ventilation of the apartment is maintained. 

1387. Medwds of warming apartments. — ^In all apparatus adapted 
to warm buildings, the fact that warm air is more expanded, and 
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therefore lighter balk for bulk, than cool air, requires to be attended 
to. It IB nstial to admit the warm air through apertures placed in the 
lower parts of a room, because it will ascend by its buoyancy and mix 
with the colder air, whereas if it were admitted by apertures near the 
ceiling it would form strata in the upper part of the room, and would 
escape at any apertures Which might be found there. But if there 
be means of escape only in the lower part of the room, then the strata 
ci warm air let in above will gradually press down upon the cool air 
below and force it out through the chimney, doors, windows, or other 
apertures. 

In geiieral, the air contained in an apartment collects in strata 
arranged iEuscording to its temperature, the hotter air collecting near 
the ceiling, and the istrata decreasing in temperature downwards. Ther- 
mometers placed at different heights between the floor and the ceiling 
would accordingly show different temperatures. The difference of 
these temperatures is sometimes so considerable that flies will continue 
to live in one stratum which would perish in another. 

If the door of an apartment be open it will be found that two 
eorrents are established through it, the lower current flowing inwards 
and the upper outwards. If a candle be held in the doorway near 
the floor, it will be found that the flame will be blown inwards ; but 
if it be raised nearly to the top of the doorway, the flame will be 
blown outwards. The warm air in this case flows out at the top, 
while the cold air flows in at the bottom. 

1388. Prmcvple of an Argand lamp. — The combustion which 
produces the flame of an Argand lamp is maintained upon the same 
principle as that by which the combustion is maintained in a common 
fire-place. The wick, which is cylindrical, surrounds a brass tube 
which communicates at its lower end with the external air. A glass 
chimney surrounds the wick and the flame. The air ascending 
through the glass tube passes the flame and is heated by it, and then 
ascends in the glass chimney within which it is confined. This glass 
chimney is therefore filled with a column of heated air which has a 
buoyancy proportional to its expansion, and ascends with a propor- 
tionate force, fresh air being supplied to the wick continually through 
the brass tube already mentioned. But as the column of air ascend- 
ing through this brass tube would only touch the flame on its external 
gurfiM^y the internal parts of the column would not be so strongly 
heated. To increase the heat imparted to the air, therefore, a metal 
wire is placed in the centre of the brass tube, which supports a button 
a little less in diameter Jhan the wick at the level of the flame. 
When the column of air which ascends in the tube encounters this 
button, the central parts of the column are intercepted, and can only 
ascend bypassing round the edge of the button, and therefore in 
contact with the flame. By this expedient all the air which ascends 
through the brass tube is made to pass in close contact mt\i lYi^^^axoA 
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before it can enter the glass chimney above the flame, and thus the 
intensity of the force of the draft is increased and the combustion is 
augmented. 

It will be explained hereafter that flame is gas heated to such an 
intense degree as to become luminous. It is in consequence of its 
levity that it always ascends in the atmosphere. 

1389. Cause of atmospheric currents, — The expansion and con- 
traction of different parts of the atmosphere consequent upon the 
vicissitudes of temperature, produce the phenomena of the winds. 
When any portion of the atmosphere becomes heated it expands, and 
being lighter than the surrounding parts of the air it rises; immedi- 
ately the adjacent air rushes in to fill its^ place and produces a wind. 
The sun acting with greater eflect on the portions of the atmosphere 
around the equator than on those near the poles, these portions be- 
come heated and lighter than the former. They therefore ascend as 
air does in a chimney, and the colder portions of the atmosphere 
around the poles rush in to fill their place. There are, therefore, 
permanent atmospheric currents established from the poles towards 
the equator. These, combined with the efiects of the rotation of the 
earth upon its axis, produce the phenomena called the trade-winds, 
which blow with such regularity and permanency, in the northern 
hemisphere from the north-east, and in the southern hemisphere from 
the south-east. 

It must be observed, however, that the sun is not the only cause 
which aflects the temperature of the air. The different degrees of 
heat reflected or radiated from the surface of the land compared with 
the surface of the water, form another important cause of the varia- 
tion of the temperature of the air, and therefore of the atmospheric 
currents. 

1390. Experiments illustrating the expansion and contraction of 
air, — The expansion of air by heat and its contraction by cold may 
be made manifest by a variety of simple and easily executed experi- 
ments. If a common drinking glass be inverted and held over the 
flame of a lamp or candle for some time, it will be filled with air 
heated by the flame ; if it be then suddenly plunged with its mouth 
downwards in water, the water will be found to rise in the glass to a 
height above the level of the water outside the glass. The cause of 
this is that the air which fills the glass, having been previously rare- 
fied by heat and afterwards cooled, when removed from the lamp is 
contracted so as to fill a less space than the capacity of the glass 
which it filled when heated previous to immersion. 

This experiment may be rendered still more striking by using a 
glass bulb blown at the end of a tube, like a thermometric tube, in- 
stead of a glass. Let such a bulb be held for some minutes over the 
flame of a spirit-lamp. The air which fills it will become highly ex- 
panded and rarefied by the heat. Let the open end of the tube be 
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then plunged in water, the bulb being presented upwards. After 
some time, when the tube has cooled and the air within it contracted, 
the water will rise in the tube and will nearly fill the bulb, the por- 
tion of the bulb not filled being the space within which the air pre- 
viously heated had been contracted by cooling. 
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DILATATION OF LIQUIDS. 



1391. Liquid a state of transition. — The liquid, state is one of 
transition between the solid and the vaporous states. Solids by heat 
are converted into liquids, and liquids into vapours. 

The liquid state, therefore, is maintained between two limits of 
temperature : a lower limit, at which the liquid would solidify ; and a 
higher limit, at which it would vaporize. In different liquids these 
limits are separated by a greater or less range of temperature. In 
some, alcohol for example, the point of solidification stands at a low 
temperature on the scale ; while in others, as in some of the oils, the 
point of vaporization is placed at a very high limit. In others, as in 
mercury, these points are widely separated, the vaporizing point being 
at a very high, and the freezing point at a very low temperature. 

1392. Mate of dilatation of liquids in general not uniform. — 
It is found in general that the rate of dilatation of liquids is not uni- 
form, like that of solids and gases, and that it not only increases as 
the temperature is elevated, but is subject to certain irregularities as 
it approaches the points at which the liquid would pass, on the one 
hand, into the solid, and, on the other, into the vaporous state. 

1393. Specific gravity of a liquid varies vAth its temperature. — 
Since by dilatation and contraction the proportion of the volume of 
the liquid to its weight is varied, all the methods wkich have been 
explained in (763) et seq. for ascertaining the specific gravity of 
liquids will be equally applicable to determine their dilatation and 
contraction. K, for example, a given volume of liquid at a certain 
temperature weigh 1000 grains, and the same volume at another 
temperature weigh only 950 grains, the proportion of the volumes 
which have equal weights will be the inverse of those numbers, that 
is, of 950 to 1000. 

1394. Rates of dilatation of liquids. — The only body in the 
liquid state whose variations of volume through a considerable range 
of the thermometric scale are found to be exactly proportional to its 
change of temperature, is mercury. 

n. 6 
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It has been ascertained that, from 13^ below the freesdng pmni to 
212^, the increments of volnme in this liqnid for equal increments 
of temperature are equal. 

The principal liquids whose rates oi dilatation have been sub- 
mitted to exact experimental investigation, are, water, mercury, and 
alcohol. The increment i of volume which each of these liquids 
receives from 32^ to 212° is ,*^rd of the volume at 32° for water, j^^th 
for mercury, and ^th for alcohol. (See Appendix). 

1395. Exceptional phenomena manifested hy water approa/Mng 
its freezing point. — Water, as it falls in temperature towards the 
freezing point, exhibits phenomena which form a striking exception 
to the general laws of dilatation and contraction by temperature. As 
its temperature is lowered, the rate at which it contracts is found to 
diminish until it arrives at the temperature of 38° -8 Fah. when all 
contraction ceases, and, if the temperature be further lowered, the 
volume is observed to remain stationary for some time; but, on low- 
ering it still more, instead of contraction, a dilatation is produced, 
and this dilatation continues at an increasing rate until the water is. 
congealed. It appears, therefore, that at the temperature of 38°*8 
the density of water is a maximum. It is found that for a few de- 
gree above and below such temperature of greatest density the dila- 
tation is the same ; thus, at 1° above and 1° below 38°*8, and at 2° 
above and 2° below that point, the specific gravities are exactly equal. 

1396. Temperature of greatest density, — The experiments of 
Blagden and Gilpin fixed the temperature of greatest condensation at 
39° ; those of Lefevre, Gineau, Halstrom, Hope, and Eumford fixed 
it a little above 40°. More recent experiments, however, conducted 
under conditions of greater accuracy by Miinke and Stampfer, have 
determined it at 38° -8. (See Appencfix). 

1397. Taken as the basis of die French m>etrical system, — ^Water, 
at its greatest density, is taken as the base of th^ uniform system of 
measures adopted in France, the unit of weight being the weight of 
a cube of distilled water taken at its greatest density, the side of the 
cube being the length of a centimetre, or the one hundredth part of 
a metre, which is the lineal unit. , The length of the metre is 39-37 
English inches. 

1398. Effect of the relative densities of different strata of the 
sams liquid, — It has been already proved that if liquids having dif- 
ferent specific" gravities be placed in the same vessel without mixing 
with each other, they will arrange themselves in strata according to 
their specific gravities, the heavier being below the lighter. This 
principle will seem to explain several facts. If cold water be poured 
inlo a vessel, a thermometer being immersed in it, and hot water be 
carefully poured over it, so as to prevent the liquids being mixed, the 
hot water will float on the cold. The thermometer immersed in the 
cold water will not rise, nor will a thermometer immersed in the hot 
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waler ML But if the water be agitated so as to mix the two strata, 
then their temperatnree will be eqoalized, and the lower thermometer 
will rise and the upper fall. If; however, hot water be first poured 
into the vessel, a thermometer being immersed in it, and cold water 
be then carefully poured over it, so as to prevent such agitation as 
would cause the fluids to mix, and a thermometer be also immersed 
in it, it will be found that the lower thermometer will rapidly fiedl 
and the higher one will rise ; in fact, in this case the cold water de- 
scends through the hot water by its superior gravity, and the two 
fluids of different temperatures, in passing through one another, be- 
come mixed, and the whole mass takes an intermediate temperature. 

1399. Process of heating a ligvdd, — The process by which water 
18 boiled by heat applied to the bottom of a vessel, is explained on 
this principle. The water in contact with the bottom of the vessel 
being heated, is expanded, and becomes lighter bulk for bulk than 
the strata over it It therefore rises, and the water above it falls, 
and, in its turn being expanded by heat, is made to rise. There is 
thus a continual current of the water heated by the fire upwards, and 
a conmter current of the colder water forming the superior strata 
downwards ; and this goes on until all the water in the vessel has 
been raised to the boiling point. 

1400. HecU does not descend in a liquid. — It is easy to show 
that any source of heat, however intense, applied to the upper sur&oe 
of water, would be incapable of raising the temperature of the mass. 
Thus, if we suppose oil at the temperature of 300^ poured upon the 
anr&oe of water in a vessel at 50^, the oil will float upon the water, 
and a thin stratum of the water in contact with it will have its tem- 
perature raised, and will therefore be expanded ; but, being lighter 

bulk for bulk than the colder water under it, it will 
still float on the top. No interchange of currents 
will take place, by which the heated water forming 
the upper stratum can be mixed with the water 
forming the lower stratum ; and, as water is a non- 
conductor of heat, as will hereafter be shown, the 
heat of the oil, and of the stratum of water in 
immediate contact with it, will not be propagated 
downwards. It would be possible for a cake of ice 
to remain in the bottom of such a vessel without 
being melted, notwithstanding the stratum of oil at 
300° floating upon its surface. 

1401. Experiment showing the propagation of 
heat through a liquid hy currents. — The system 
of upward and downward currents produced by heat 
applied to the bottom of a vessel containing a li- 
qnid, may be rendered manifest by the following experiment. Let 
a tall jar, fig. 438, be filled with cold water, and let aomft ^\sl\^^ 
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powder be throwH into it. The partacles of ihis powder being ecfool 
in weight to water bulk for bulk, or nearly so, will remain suspended, 
and may be seen through the sides of the vessel. Let this jar be 
immersed to some depth in a vessel of hot wat^, so that the lowest 
strata of the water in it may become gradually heated. The water 
in the bottom of the jar will now be observed continually to ascend, 
carrying the amber particles with it, while the colder water iii the 
upper part will descend. The contrary currents will be rendered 
manifest to the eye by the particles of amber which they carry with 
them. 

If heat be applied to the sides of the cylindrical jar, bat not io 
ihe bottom, the water immediately in contact with the sides, becom- 
ixig heated, will ascend. The water in the centre of the jar, on ihe 
other hand, being removed from the source of heat, wiU reUm ite 
temperature, and will of course sink as the water next the side rises. 
In this case, two distinct currents will be seen, one immediately next 
the surface of the jar continually ascending, and the other in the 
centre of the jar continually descending. 

This may be shown by placing the cylindrical glass jar within an- 
other somewhat greater in diameter, and pouring a hot liquid in the 
space between them. 

1402. Method of warming huildinga hy hot water, — On the same 
principle is explained the method of warming buildings by pipes 
filled with hot water. 

A boiler is constructed in the lowest part of the building com- 
pletely closed at the top, but terminating in a tube ox pipe, which is 
conducted upwards, and carried through the different apartments 
which it is intended to warm. This pipe terminates in a frinnel ^t 
the top of the building, the boiler and pipe being filled with water 
up to the funnel. When fire is applied under the boiler, the water, 
becoming heated, ascends, and the colder water descends y and these 
contrary currents continue until every particle of water contained in 
the pipes curried through the building is raised to whatever tempera- 
ture, under 212^, may be desired. 
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1403. Qtiantitatwe analysis of heat — The department of the 
physics of heat devoted to the quantitative analysis of that agent is 
called cahrimetry, and the instruments by which its quantity is 
measured are called calorimeters. 
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1404. Ctdorimetry and thermometn/. — If the same quantity of 
heat always produced the same or equal thermometric changes, every 
thermometer would be a calorimeter, and cahrimetry would not form 
a part of this subject distinct from ihermomeiry. 

But not only do equal quantities of heat produce unequal ther- 
mometric changes on different bodies, but even on the s&me body at 
different points of the scale^ and in some cases no thermometric change 
whatever. 

1405. Thermctl unit. — To reduce heat to arithmetical expression, 
it is necessary that some suitable thermal measure be adopteid, and a 
thermal unit selected. 

It may be assumed as self-evident, that to produce the same ther- 
mal effect on the same quantity of the same body under like circum- 
stances will always require the same quantity of heat. Thus it is 
ai^Murent; that to raise a pound of pure water from 32^ to 33^, or to 
iMjuefy a pound of ice, or to convert a pound of water into vapour 
wider a given pressure, will always require the «ame quantity of heat, 
£rom whatever source such heat may proceed. 

Water has been selected as the standard of thermal measure, for 
reasons nearly the same as those which have determined its selection 
as the standard of specific gravity, (Hand-book of Hydrostatics, &c., 
763, et seq,) 

We shall therefore take as the thermal unit the quantity of heat 
which is necessary to raise a pound of pure water from 32^ to 33^. 

1406. Specific heat — The quantity of heat which is necessary 
to raise a pound of any other body from 32^ to 33^, being in general 
different from that which would produce the same effect on water, 
and in general being different for different species of bodies, is called 
their specific lieat, for the same reason that the weight they include 
under the same volume is called their specific gravity. 

1407. Uniform and variable, — The specific heat of a body is 
said to he uniform throughout any extent of the thermometric scale 
when it requires the same quantity of heat to raise the temperature 
one degree through such extent of the scale. 

If H express the quantity of heat necessary to raise w lbs. of a 
body from the temperature expressed by if to the temperature ex- 
pressed by T, the specific heat being expressed by s and being uniform, 
we shall therefore have 

h=:SX(t — t')X w; 

that iS" to say, the quantity of heat is found by multiplying together 
the numbers expressing the specific heat, the elevation of tempera- 
ture, and the weight in lbs. 

When the quantity of heat necessary to raise a body one degree is 
different in different parts of the scale, the specific heat is said to be 
variable; and when it does so vary, it is in general found to increase 
with the temperature. 

6* 
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1408. MtOtiid of saving calorimetrlc problem*. — Three method? 
have been practised for the solution of calorimetrio problemB : iBt, 
b; meaauting the beat bj the quantity of ice it liquefies; 2DdIj, by 
calculating it by mcaoa of mixing or bringing into close juxtapoaition 
bodies at different temperatures, so that their temperatures shall be 
equalised; snd3dly,bjobEerTing the rate at which heated bodies oool. 
1409. CalorvmeUr of Lavoir 
~ sier and Laplace. — The oalori- 

meter of Lavoisier and Laplaca 
is baaed upon the first of these 
principles. 

This apparatuB is repreeaiitcd 
mfg. 439. Tno similar laetalUa 
vessels, v»pd v', are oonstnioted, 
one a little smaller thui the other, 
80 that, when applied one within 
the other, a sm&li space A maybe 
left between them. From the 
bottom of the external vesael T 
a discharge-pipe, with a stop-cook 
K, procceiJa. From 'the bottom 
of the inner vessel V a similar 
pipe proceeds, whioh passes water- 
tight through the bottom of the 




Fig. 439. 



vessel T, and is also furnished with a stop-co^k k'. 

This pipe K.' is inserted into a close vessel b. The eKteraal vessel 
V has a close cover, by which all communication with the eitemal 
ur is cut off, and the inner vessel v' is likewise furnished with a small 
cover, by which all comniunicatioa with the space A 
The space a between the two vessels is filled with pounded i< 
if the apparatus be placed in an atmosphere above 32°, this ioe will 
be gradually liquefied,- and the water produced by it will flow oflf 
through the cock k, when the stop-cock is open, and will be received 
in the vessel r'. The space A being kept continually supplied with 
ice, it is evident that the interior vessel V will be maintained con- 
stantly at the temperature of 32°, and the air included in it, and ttay 
objects placed in it will be necessarily reduced to that temperature. 

A third vessel v" is now placed within the second v', and the space 
B between the second and third is filled with pounded ice, in tbe same 
manner as tfee vessel a. But it is evident that this ice cannot be affect- 
ed by the temperature of the esteraal air, since it is surrounded with 
the melting ice included in the space a, which is continually at 32°. 

If any object at a temperature above 82° be placed at c, within 
;Iie vessel v", this object will gradually fall in its temperature by 
niparting its heat to the ice in the space B ; and it will continue to 

ipart heat, and its temper.'kture will ccmtinuc to fall, until it arrives 
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at ihe temperatare of 32*^, when it will cease to liquefy the ice round 
it. The water proceediDg from the liquefaction of the ice in the 
space B, is discharged through the pipe k', the stop-cock heiug opened, 
and is received in the vessel R. The quantity of water thus received 
in R willHiherefore be proportional to the heat imparted by the body 
contained in the vessel Y to the ice in the space b. 

If this apparatus be applied to solid bodies, it will be sufficient to 
introduce the body under experiment directly into the interior of the 
vessel y" ; but if it be applied to liquids, it will be necessary that 
the liquid under experiment should be contained in a vessel, which 
vessel is introduced into V. In this case, the vessel containing tho 
liquid should be. reduced to the temperature of 82^ before receiving 
the liquid, or, if not, the vessel should be raised to the temperature 
of the liquid, and introduced empty into the calorimeter, so as to 
ascertain the quantity of ice it would dissolve empty in falling from 
the temperature of the liquid to 32°. When the vessel is intro- 
duced, filled with the liquid, the quantity of ice liquefied will be the 
sum of the quantities liquefied by the vessel and by the liquid which 
it contains. But the quantity liquefied by the vessel being previously 
ascertained and subtracted, the remainder will be the quantity dis- 
solved by the liquid contained in the vessel. 

1410. Application of Hie calorimeter to determine ipedfie Jieat. — 
If equal weights of the same body, placed in the apparatus at dif- 
ferent temperatures, cause quantities of water to be deposit<3^d in r 
which are proportional to the temperatures through which they fall, 
it will follow that within such limits the specific heat is uniform. 
And, if the quantity of water deposited in R be divided by the num- 
ber of degrees through which the temperature of the body placed in 
the calorimeter has fallen, the quantity of ice dissolved by the heat 
corresponding to one degree will be found. This in fine being divi- 
ded by the weight of the body placed in the calorimeter expressed in 
pounds, the weight of ice dissolved by the heat which would raise 
1 lb. of the body one degree will be determined. 

To express this in arithmetical symbols : — 

Let w = the weight of the body placed in the calorimeter, 

T = its temperature, 

w' = the weight of water deposited in R while the body is re- 
duced from T° to 32°, 

X = weight of ice dissolved "by the heat which would raise 1 lb. 
of the body one degree. 

We shall then have 

—. —. = the weight of ice dissolved by the heat which would 

(T — 32) ^ -^ 

raise w one degree ; 
and therefore, — - 
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x= 



wx(T — 32)* 

1411. Specific Tieat of water uniform. — In applying this method 

of experimenting to water, it is found that between the freezing and 

boiling points its specific heat is sensibly nniform, and that the heat 

necessary to raise 1 lb. of water one degree is that which woold 

dissolve the 142*65th part of a lb. of ice, so that in the case of water 

1 
we have x— ^ j^o.^g * (See Appendix.) 

1412. Method of ascertaining the specific heai of other bodies hy 
the calorimeter. — Let the specific heat of the bodyw be expressed 
by S; that of water being the unit. Hence we shidl have, 

. 1 . V 1 

®wx(T-32)' 142-65' 
and consequently, 

_ 142-65 x w\ 

which gives the following 

EULE. 

Multiply the weighs of ice dissolved hy 142-65, and multiply the 
weight of the body which dissolves the ice hy the number of d^/rees 
of temperature it loses, and divide the former product by the latter. 
The quotient will be the specific heat of the body. 

1413. Method of equalization of temperatures. — ^When two bodies 
at different temperatures are mixed, or brought into juxtaposition in 
such a manner that that which has the higher temperature may 
transfer to that which has the lower temperature such a portion of 
its heat that the temperatures may be equalized, the relation between 
the specific heats may be determined, provided no chemical action 
nor any change of state be produced by the contact or mixture. 

Let the weights of the two bodies be w and Wj their temperatures 
T and t', and their specific heats s and s' ; and let t be their common 
temperature, after the thermometric equilibrium has been established. 

It will therefore follow, that the temperature lost by w will be T— <, 
and the temperature gained by w' will be t — t'. But from what 
has been already explained, the quantity of heat lost by w will be 
expressed by s X W X (t — ^), and the quantity of heat gained by 
w' will be expressed by s'xw'x (< — t'). But since the quantity 
of heat lost by w is imparted to w', these two quantities must he 
equal; and consequently we must have 

wx 8 X (T — 0=W X s'x (t — t'); 

and from this we infer that 

8 : s' : : w'x(< — t') : w x (t— -0; 
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Uifit is to saj, the spedfio heats of the two bodies are in tho inverse 
proportion of the products of their weights^ and the temperatures 
which they gain and lose. 

This method of determining the relation between the specific heats 
is applicable either to two liquids, or to a solid and a liquid, provided 
that when they are mixed or brought together no chemical action 
takes place between them, and provided the solid be not liquefied. 
But if such action ensue, it is generally attended with the develop- 
ment or absorption of sensible heat, by which the common tempera- 
ture would be rendered either higher or lower than that which would 
result from mere admixture. 

1414. Ajpflic(Xtum of thu method, — K one of the bodies V bo 
water, we shall have s' =1, and therefore 

W'X(<-T'). 
WX(T — 

from which &II0W9 tlie 

"■ BULX. 

X/et the weight of a heated hody immersed in water he multiplied 
hy the temperature it loses, cmd let the weight of the water he multi- 
plied hy ^ temperature it gains. The quotient ohta/ined hy dividing 
the Ic^er product hy the former wiU he the specific heat of tJie 
hody. 

The method of determining the specific heat of gaseous bodies by 
means of the water calorimeter of Count Rumford, is similar in 
principle to Ihe preceding method. This apparatus consists of a 
worm carried through a vessel of water in a manner similar to the 
worm of a stilt The gas being previously weighed, prepared, and 
diiedt is raised to 212^ by passing it through a similar worm placed 
in a vessel of boiling water. It is then passed through the worm of 
the cal<»imeter and raises the temperature^ of the water, its own 
temperature fiUliAg. The elevation of the temperature of the water 
and the fell of the temperature of the gas being observed, data arc 
obtained from which the specific heat of the gas is calculated. 

1416. Method of coo^t^i^.— Equal and similar volumes of two 
bodies raised to the same temperature and allowed to cool under 
precisely siioilar circumstances, isire assumed to lose equal quantities 
(^ heat permiimte. In order to ensure the exact fulfilment of these 
c(mditio]]£, a inultitude of precautions are necessary which cannot 
be detailed here. The result, however, is that by observing the 
intervals of time which are necessary for equal volumes of the two 
bodies to fall one degree, we obtain the ratio of the quantities of 
heat which they lose, and this being determined for equal volumes, 
the quantities for equal weights may be inferred from the specific 
gmvitiea of the bodies^ and the specific heats will thus be obtained 
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This was applied with oonmderable snooess by Daloog and Patit^ 
and also by Begnault. 

1416. Results of calorimetric researches, — Having thns explained 
ihe principal methods by whioh the specific heat of bodies has been 
experimentally ascertained, we shall now state the most important 
results which have been attained in this department of the physios 
of heat. 

1417. Relation of specific heat to density, — The speoifb heat of 
bodies diminishes as their density is increased, and vice versd. This 
explains the fact that mechanical compression wiU, without any 
addition of heat, raise the temperature. If metal be hammered it 
becomes hot, and it is even affirmed that iron has been rendered 
incandescent in this manner. 

1418. The fire-syringe. — The syringe in which compressed air is 
made to inflame amadou \9pwnlc\ acts on this principle. The air 
compressed under the syringe acquires a greatly diminished speoifio 
heat, and, consequently, although it has received no~heat from any 
external source, the same heat which before compression only gave it 
the common temperature of the surrounding medium, gives it, after 
compression, a temperature hieh enough to produce the ignition of a 
highly inflammable substance like amadou. 

1419. Spedfi/cheat of gases and vapours increa,ses as their deniify 
is diminished, — In general, no practicable force can prevent the 
dilatation of solids and liquids when their temperature is elevated. 
This, however, is not the case with gases and vapours, whioh, when 
heat is imparted to them, may either be permitted to expand under a 
given pressure, like solids and liquids ; or may be confined to a given 
volume, which they will continue to fill in consequence of their 
elasticity (Hand-book of Hydrostatics, &c., 706), bowever their 
temperature may be lowered, and which they will not exceed, how- 
ever their temperature may be raised. 

In this case, the heat imparted or abstracted is manifested by a 
oorresponding change of pressure of the gas or vapour instead of dilfr> 
tation or contraction. 

1420. Specific heat under constant pressure and constant volume, 
— By the specific heat of a gas or vapour is to be understood its 
specific heat when subject to a constant pressure, that is to say, when 
it is susceptible, like solids and liquids, of dilatation and contraction. 

Specific heat is, however, a term sometimes, though not so properly, 
applied to the heat necessary to raise the gas or vapour one degree 
when confined within a given volume. This last is sometimes also 
called, for distinction, the relative hea4, 

1421. Greater v/nder a constant pressure, — The specific heat of 
a gas or vapour under a given pressure is greater than under a given 
volume. This diflerence is explained by the fiict, that, in expanding, 
the temperature falls, and therefore that, when confined to a given 
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Yolumeylees heal is gaffioient to produce a ^ven elevatioii of temper- 
atare ihan when confined under a given pressure, where the dilatation 
diminishing the density absorbs a portion of the heat 

For atmospheric air, oxygen and hydrogen, the ratio of the specific 
heat under a given pressure is to the specific heat in a given volume 
as 1*421 to 1. For carbonic acid it is 1*338; for carbonic oxide, 
1*428 ; for nitrous oxide, 1*343 } and for defiant gas, 1*240. 

1422. Ikcample of the eocpamian of highrpressure steam, — The 
expansion of high-pressure steam escaping from the safety valve 
farms a remarkable instance that the same quantities of heat may 
gJLve yery different temperatures to a body, in different states of 
density. Steam produced under a pressure of 35 atmospheres has 
the temperature of 419^. When such steam escapes into the atmo- 
sphere, it undergoes a prodigious expansion without losing heat, and 
suffers a considerable fidl in temperature. 

1423. Jjow temperature of superior strata of atmosphere ^The 

cireumstance that rarefied air has an increased capacity for heat, 
will explain the very low temperatures which are known to exist in 
the higher regions of the atmosphere. 

This effect becomes extremely sensible when we ascend to any con- 
siderable height, as has been manifest in ascending high mountains 
and in balloons. Upon these occasions, the cold has sometimes become 
BO intense that mercury in the thermometer has been frozen. In strata 
so elevated that the permanent temperature of the air is below 32^, 
-water cannot continue in the liquid state ; it exists there only in the 
fbnn of ice or snow, and we accordingly find eternal snow deposited 
upon those parts of high mountains which exceed this limit of 
temperature. 

1424. Idne of perpetual snow. — The level of that stratum of air 
which by its rarefaction reduces the temperature to 32^, is called the 
Une of perpetual snoWf and its position in different parts of the earth 
varies, uie height increasing generally in approaching the equator, 
and fidling towards the pole^. The various conditions which affect 
the- position of this line in different parts of the earth, will be ex- 
plained in a subsequent book. 

1425. lAguefaction of gooses, — The elevation of temperature pro- 
duced by the compression of gases, has supplied means of reducing 
some of them to the liquid form. 

Oases may be considered as vapours raised from liquids, which 
have received, after their separation from the liquid which produced 
them, a large additional supply of heat. It is to the effects of this 
surplus heat that their permanent maintenance in the gaseous state 
must be ascribed. If, by any means, they can be deprived of this 
surplus heat, so that no heat shall be left in them except that which 
they received in the process of vaporization, any further loss of heat 
would necessarily cause them to return, in more or lesa c^uVkV*^) V^ 
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tbe liquid farm. But if the specific heat be so gie4l^ ifaai notwiih- 
standing all the hoat transmitted to the gas after taking the vaporotii^ 
form^ it still has attained only the common temperature of the atmo- 
sphere, it is dear that it can only be restored to the liquid form, either 
by reducing its temperature to an immense extent, by the appHoatioii- 
of freezing mixtures, or by first raising its temperature by high de- 
grees of mechanical compression, and then allowing it to fall to the 
tempeirature of surrouncQng objects, or in fine, by combining both 
these methods. Thus atmospheric air, at the common tempemturo^ 
of 50^, being compressed into a diminished yolum^ in the propoiiw 
tion of 10,000 to 3, its temperature would be raised tiirough ait 
extent of 13,500° of heat, according to Leslie's experiment. ThifS^ 
heat being immediately abstracted by the surrounding objects, iti^ 
temperature would fall to that of the medium in which it is placed. 
Thus, without the application of a freezing mixture, or other means 
of cooling, an immense abstraction of heat may be effected ; and this 
may be contintied so long as a mechanical force adequate to the farther 
compression of the gas could be exerted. Freezing mixtures may 
then be applied to the further reduction of temperature. 

1426. JDevehpment and ahsorpidon of heat hy chentical eotnhi- 
natixm, — When different liquids are mixed, or when solids are dis- 
solved in liquids, chemical phenomena are generally developed, iff coo^' 
sequence of which the specific heat of the mixture difiers from tfitffr 
which it would have if the constituents were merely interfused with- 
out any change in their thermal qualities. Like the other qualities 
of the constituents, their specific heats are, in this case, modified; and 
the compound is generally found to have a less specific heat, thaa 
that which would be inferred from the specific heats of its components. 
When the chemical combination is thus, as it is almost universally, 
attended by a diminution in the specific heat of the compound, as 
compared with that which would be computed from the specific heats 
of its components, it is also found that the volume of the mixture 
is l^ss than the sum of the volumes of, its compounds, and that the 
temperature of the mixture is higher than the common temperature 
of the liquids mixed. 

Thus, for example, if a pint of water and a pint "of sulphuric acid, 
both of the temperature of 57°, be mixed, the mixture will rise to 
the temperature of 212°, and the volume of the mixture will be 
considerably less than a quart. The chemical attraction of the par- 
ticles, therefore, in this and like cases, produces condensation, and, 
in fact, the same effect ensues as would be produced by compression. 
The elevation of temperature may be explained in exactly Uie satae 
manner, as when bodies are compressed by mechanical force. The 
specific heat of the mixture being less than that which is due to its 
component parts, and the absolute quantity of heat contained in it not 
being diminished, that quantity will raise it to a much higher temper- 
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atmre than that which it would have had, if the specific heats remained 
unaltered. (See Appendix.) 

1427. Specific heats of simple gases equal under the same preS' 
sure. — ^Under equal pressures the simple gases have the same specific 
heat. This uniformity, however, does not prevail among the com- 
pound gases, as will appear by the tables of specific heat of the 
gases. 

1428. Ibrmvia for the variation of specific heat consequent on 
dumge of pressure, — ^The law according to which the same gas varies 
its specific heat with the change of pressure or density is, according 
to Poisson, expressed by the formula — 

8=s'x(-) 

where p expresses the pressure in inches of mercury, s' the specific 
heat under the mean pressure of 30 inches, and k the constant num- 
ber, which expresses the ratio of the specific heat under a given 
pressure to the specific heat under a given volume, which, in the case 
of common air and the simple gases, is 1-421, as has been already 
explained, and as will appear by the tables. 

1429. Relation between specific heat and atomic weight. — On 
comparing together the numbers expressing the specific heat of the 
simple bodies, with those which express their atomic weights or chem- 
ical equivalents, Dulong and Petit observed that the one increased 
in almost the exact proportion in which the other diminished, so that 
by multiplying them together, a product very nearly constant was 
obtained. 

From this it would follow, upon the atomic hypothesis, that the 
specific heats of the atoms of all the simple bodies are equal ; for 
in equal weights, the number of constituent atoms will be great in 
propiortion as the individual weights of these atoms are small. The 
number of atoms, therefore, in equal weights, being inversely pro- 
portional to the weights of the atoms, and the specific heats being also 
inversely proportional to the weights of the atoms, it follows that the 
specific heats of equal weights are in the proportion of the number 
of atoms contained in those weights, and that, consequently, the 
specific heats of the component atoms must be equal. 

This, therefore, is a quality in which the atoms of all simple 
bodies, however they may differ in other respects, agree — that their 
temperatures are equally affected by the same quantity of heat. 

That this law is not rigorously exact, however, is proved by the 
fiict, that the specific heat of the same body is different at different 
temperatures and in different states. 

It has resulted &om the researches of Eegnault, that the relation 
between the specific heat and atomic weights, observed \>^ T>\i\!(m^ 

n. 7 
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uid Petit in the umple bodiee, also prevadU among oompoond bodies, 
and that, in geDeral, in all compound bodies of the same atomic 
oomposilaon, and haviog Bimilar chemical constjtuenta, the specifio 
heat is in the iaverae ratio of the atomio weight ; this law, however, 
being subject to the same qoalifioation which has been tinady men- 
tioned for the simple bodies. 

The numerioal results which manifest the prevalence of this law 
will be seen in the tables of specific heat. 

1430. TabUi of tpecCfia AeoC— The following serieg of tables 
snppljj in a summary form, the results of the most recent experi- 
mental researchas respecting the specific heat of bodies, and the 
relation between these and their chemical oonstitntloQ. 



Table o/tpeeifie Meatt qftimple and compound Bodies, determined 
ly M. RegtuiuU. 



.„...,.»»„, 


SpTiE. H..lt 


tcT.rs^."™" 


Frad.tli. 




09M1 
I'OUBO 

onus IS 

00M77 

OSOMil 

D0£4IS 
0-0333S 

01IB4B 
01S728 

oe»iB3 




37Mfl 

If 

M-9«4 
IIMS 

3iM6a 

II 








Sm,t. M«. T-»- 




SBi 

1331 
80b 

66! 
BOI 


w 

HI 




^^rEEEEEEEE}. 












Oatxll 

Plilinum. iidlcd 














aimpt, Mi», tu, part. 






UK 
331 
1*3! 


i 

» 


'^Ss:^EE;::EEyr 



















OALOBDfETRT. 



ll*«4.1tia 


04073 






I BiMiUli. 1 tin -... 


MSM 










IT'^ ^ee-;eee I 


oeiBl 


0>M«.RO. 




•■ eut...^ „ 


0J089 










.. ofpLct^^.^^.^^^.j^^........... 


rivl 


S2Srs£:;;;;-":;;;:::::;:::::::::::: S 


i^^; 


P«oild«ofin«{iranolip-l)..- o 


loses 










^.i.,™.r:!'~r^E;;; s 


1IHM 


"■s^ses-.::-:::::::.:.:::;:::::::: ! 


060S3 

ODooe 



lafCwlnd- 

(•■ppUnJ 

IMia, BO*. 



- liunie (uiiOcial 



OiM», ttmfltt. 
HafiHtle icon, oiid« of 

BklflaTiu, ftS. 
Proto-nrpliimt of iioA ' - 



a '31733 
0(B3SS 



7SS3 



»«..,s.^«. 


ecdB. B.«^ 


ISSEB 


„..*_ 


A.4>*»^, KV. 


0'08403 
0-13009 

O-KllB 

<H)rioo 

0-IWS3 

f^ 

0-00109 
OHKISST 

.o-uwo 

0-lM-» 
019460 
O-DSMl 

tHWsas 
ovtoiei 

0-I4T39 

o-iOi« 

0-17004 

o-Moai 

o-YsMJ 
o-osigi 

s 


ma 

a? 

S| 

1334-0 

g! 

601-0 

1188-0 

ITtO-l 

146S-S 
8330* 

3066-3 ' 

s 


1S6-J1 




Mb 


oe-« 


BMlrM^TM. RB». 






M 


Si 

ISffM 


5.i;:)t>.r>U, R>3. 




fulptvrcli. ilmiplix. 


ai'Tida. BKA. 












CUtrUo. RO'. 


















U7«3 
IIS-SI 

S39-IB 




CUarUn iitslj;!, BC1<. 






8»40 


Cklerlia vtlaaU, BKf. 




H 


379-SI 

1«6«1 
173 31 


£r«iiU«. R'Brt 






ISIOO 

lOB-SS 




firmMu, RBA 


MWm, E'l', 









CALORIHBTRT. 



77 



t of SabctaBCM. 



Prot-iodid« of popper 

Mean 

Midet, RI«. 

Iodide of lead 

Per-iodide of mercury 

Mean 

Flumides, RFl*. 
Fluoride of calcium 
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Nitrate of potash 
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Chlorate of potash.*^ 
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»t 
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Mean 
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\ 



78 



HEAT. 



NaiBM of SubaUncet. 
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CHAP. VII. 

LIQnEFACTIOH AND SOLIDIFtOATION. 

1431. Thermal phenomena attending liqaefaction. — It has been 
ftlread; esplaiDed, Uiat when heat is imparted in sufficient quantity 
to a solid body, such body will at ttcertaia point pasa into the liquid 
Btet« ; and when it ia abstracted in sufficient quantity from a liquid, 
the liquid at a cortain point will pass into the solid stal«. 
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1432. — Certain thermal phenomena of great interest and imporir 
ance are developed in the progress of these changes^ which it will 
now be necessaxj to explain. 

Let us suppose that a mass of ice or snow, at the temperature of 
20^, is placed in a vessel and immersed in a bath of quicksilver^ 
under which spirit-lamps are placed. Let one thermometer be 
immersed in the ice or snow, and another in the mercury. Let 
the number and force of the lamps be so regulated, that the ther- 
mometer in the mercury shall indicate the uniform temperature of 
200°. The mercury imparting heat to the vessel containing the ioe^ 
will first cause the ice to rise from 20° to 32°, which wiU be indi- 
cated by the thermometer immersed in the ice; but when that 
thermometer has risen to 32°, it will become stationary, and the ice 
will begin to be liquefied. This process of liquefaction will continue 
for a considerable time, during which, the thermometer will continue 
to stand at 32° ; at the moment that the last portion of ioe iB 
liquefied, it will again begin to rise. The coincidence of this elevation 
with the completion of the liquefaction may be easily observed, 
because ice, being lighter bulk for bulk than water, will float on the 
surface, and so long as a particle of it remains unmelted it will be 
visible. 

Now, it is evident that during this process, the mercury maintained 
at 200° constantly imparts heat to the ice : yet from the moment the 
liquefaction begins until it is completed, no increase of temperature 
is exhibited by the thermometer immersed in the ice. K during 
this process no heat were received by the ice from the mercury, the 
lamps would cause the temperature of the mercury to rise above 200**, 
which may be easily proved by withdrawing the vessel of ice from 
the mercurial bath during the process of liquefaction. The moment 
it is withdrawn, the thermometer immersed in the mercury, instead 
of remaining fixed at 200°, would immediately begin to rise, although 
the action of the lamps remained the same as before; from which it 
U obvious that the heat, which on the removal of the ice causes the 
mercury to rise above 200°, was before imparted to the melting ice. 

1433. It is evident, therefore, that the heat which is received by 
the melting ice during the process of liquefaction is latent in it, being 
incapable of affecting the thermometer or the senses. 

If the hand be plunged in the ice at the moment it begins to melt, 
and at the moment that its liquefaction is completed, the sense of 
cold will be precisely the same, notwithstanding the large quantity 
of heat which must have beeu imparted to the ice during the process 
of liquefaction. 

1434. Quantity of heat rendered latent in llqurfacticm, — The 
quantity of heat which is absorbed and rendered latent in the process 
of liquefaction, can be directly asi-ertuined by the calorimeter of 
Laplace and Lavoisier (1409). To ascertain this in the case of ice, 
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it is only necessary to place a pound of water at any known temper- 
ature in the apparatus^ and observe the weight of ice it will dissolve 
in &lling to anv other temperature. In this way it will be found, 
^at in falling through 142^*65 it will dissolve a pound of ice ; and 
in general^ any proposed weight of water, in falling through this 
range of temperature^ will give out as much heat as will dissolve its 
own weight of ice. 

1435. Hence it is inferred, that when ice is liquefied, it absorbs 
and renders latent as much heat as wpuld be sufficient to raise its 
own weight of water from 32*» to 32^ + 142° 65=174°-65. 

1436. The latent heat of water has for the last half century been 
estimated at 135°, that having been the result of the experimental 
researches of Lavoisier and Laplace. Dr. Black's estimate was 140°, 
and that of Cavendish 150°. A series of experiments have lately 
been made, under conditions of greater precision, by MM. de la 
Provostaye and Desains, from which the above estimate has been 
inferred. 

Dr. Black, who first noticed this remarkable fact, inferred that ice 
& converted into water by communicating to it a certain dose of heat, 
which enters into combination with it in a manner analogous to that 
which takes place when bodies combine chemically. The heat thus 
combined with the ice losing its property of affecting the senses or 
the thermometer, the phenomenon bears a resemblance to those cases 
of chemical combination, in which the constituent elements change 
their sensible properties when they form the compound. 

1437. Latent neat rendered sensible hy congelation. — If it be 
true that water is formed by the combination of a large quantity of 
heat with ice, it would necessarily follow, that, in the reconversion 
of water into ice, or in the process of congelation, a corresponding 
quantity of heat must be disengaged. This fact can be easily estab- 
liahed, by reversing the experiment just described. 

Let us suppose that a vessel containing water at 60° is immersed 
in a bath of mercury at the temperature of 60° below the freezing 
point. If one thermometer be immersed in the mercury, and another 
in the water, the former will gradually rise, and the latter fall, until 
the latter indicates 32°. This thermometer will then become sta- 
tionary, and the water will begin to freeze ; meanwhile the thermo- 
meter immersed in the mercury will still rise, proving that the water 
while it freezes continually imparts heat to the mercury, although 
the thermometer immersed in the freezing water does not fall. When 
the congelation is completed, and the whole quantity of water is 
reduced to the solid state, then, and not until then, the thermo- 
meter immersed in the ice will again begin to fall. The thermo- 
meter immersed in the mercury will rise without interruption, imtil th^ 
two thermometers meet at some temperature below 32°. 

1438. It is evident from this, that the heat which waa latent iix 
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the water while in the liqoid state, is gradually disengaged in the 
process of congelation ; and since the temperature of the ice remains 
the same as that of the water before congelation^ the heat thus dis- 
engaged must pass to some other object^ which in this case is the 
mercury. 

When congelation takes place under ordinary circumstances, the 
latent heat which is disengaged from the water which becomes solid, 
is in the first instance imparted to the water which remains in the 
liquid state. When this water passes into the solid^ state, the heat 
which is disengaged from it is transmitted to the adjacent water 
which remains in the liquid state ; and so on. 

1439. Other methods of determining the latent heat of vxiter, — 
The latent heat of water may be further illustrated experimentally 
as follows. Let two equal vessels, one containing a pound of ice at 
82°, and the other containing a pound of water at 32^, be both im- 
mersed in the same mercurial bath, maintained by lamps or otherwise 
at the uniform temperature of 300^, and let thermometers be placed 
in the ice and the water. The ice will immediately begin to melt, 
and the thermometer immersed in it will remain stationary. The 
thermometer immersed in the water will, however, at the same time 
begin to rise. When the liquefaction of the ice has been completed, 
and the thermometer immersed in it just begins to rise, the ther- 
mometer immersed in the water will be observed to stand at 174^*65. 
It follows therefore, supposing the ice and the water to receive the 
same quantity of heat from the mercury which surrounds them, that 
as much heat is necessary to liquefy a pound of ice as is sufficient 
to raise a pound of water from 32° to 176° -66, which is 142° -65; a 
result which confirms what has been already stated. 

1440. The following experiment will further illustrate this impor- 
tant fact. 

First let a pound of ice at 32° be placed in a vessel, and let a 
pound of water at 174° -65 be poured into the same vessel. The hot 
water "will gradually dissolve the ice, and the temperature of the 
mixture will rapidly fall ] when the ice has been completely dissolved, 
the water formed by the mixture will have the temperature of 32**. 
Thus although the pound of warm water has lost 142°'65, the 
pound of ice has received no increase whatever of temperature. It 
has merely been liquefied, but retains the same temperature as it had 
in the solid state. 

That it is the process of liquefaction alone which prevents the 
heat received by the ice when melted from being sensible to the 
thermometer, may be proved by the following experiment. 

Let /a pound of water at 32° be mixed with a pound of water at 
174° -65, and the mixture will have the temperature of 103°, exactl^ 
intermediate between the temperatures of the compounds. Sut if 
the pound of water at 82° had been solid instead of liquid, then the 
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mixture would have had, as already explained, the temperature of 
32^. It is evident, therefore, that it is the process of liquefaction, 
and it alone, which renders latent or insensible all that heat ^hiph 
is sensible when the pound of water at 32° is liquid. 

1441. JJi^ue/actum and congelation must alwat/8 he gradual 
processes, — -It was formerly supposed that water at 32° would pass 
at once firom the liquid to the solid state, on losing the least portion 
of heAt; and that, on the other hand, a mass of ice would pass 
instantly from the solid to the liquid state, on receiving the least 
addition of heat. What has been just explained, however, shows 
that this sudden transition from the one state to the other cannot 
take place. 

1442. When a mass of water losing heat gradually is reduced to 
32^, small portions of ice are formed, which give out their latent heat 
to the surrounding liquid, and for the moment prevent its congela- 
tion. As this liquid parts with its heat to surrounding objects, more 
ioe is formed^ which in like manner disengages its latent heat, and 
oommnnicates it to a portion of the water still remaining liquid, thus 
tcsiding to raise its temperature and keep it in the liquid state. The 
rapidity of the congelation will depend on the rate at which the 
unoongealed portion of the water can impart its heat to the surround- 
ingair and other adjacent objects. 

The same principles explain the gradual process of the liquefaction 
of ioe. A small portion of ice first receives heat from some external 
source, and having received as much heat as would raise its own 
weight of water through 142° -65 of the thermometric scale, it 
becomes liquid. Then an additional portion of ice receives the same 
addition of heat, and is likewise rendered liquid ; and so the process 
goes on until the whole mass of ice is liquefied. 

1443. Water may continue in the liquid state below 32°. — It is 
posuble, under certain circumstances, to maintain water in the liquid 
state below the free2dng point. If a vessel of water be carefully 
covered up, tree from agitation, and eiposed to a temperature of 22°, 
it will gradually fall to that temperature, still remaining in the liquid 
state; but if it be agitated, or a particle of ice or other solid body 
be dropped into it, its temperature will suddenly rise to 32°, and a 
portion of it will be converted into ice. 

1444. Explanation of this anomaly, — To explain this singular 
&ct, it must be considered that the portion of the liquid which is 
thus suddenly solidified disengages its latent heat, which is commu- 
nicatied to that part of the water which still remains liquid, and 
raises it firom 22° to 32°, and the remainder of the heat thus disen 
gaged becomes sensible, instead of being latent in the ice itselfj 
whose temperature it raises from 22° to 32°. 

It follows, from what has been already explained, that the entire 
quanta^ of latent heat disengaged in this case would be sufficient to 
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raise as mnch water as is equal in weight to the ice which has been 
formed through 142° -65, or, what is the same, it would raise 14| 
times this quantity of water through 10°. Now, in the present 
case, the whole quantity of water in the vessel, including the frozen 
part, has in fact been raised 10°, and it would follow, therefore, that 
the frozen portion should constitute one part in 14^ of the whole 
mass. 

This test of the quantity of latent heat of water was applied with 
complete success, experimentally, by Dr. Thomson, who showed that 
when water cooled without congelation to 22° was suddenly a^tated, 
a portion was congealed, which bore the proportion to the whole quan- 
tity just mentioned, that is to say, 10 parts in 142°*65 of the entire 
mass. He found, likewise, that the same result was obtained when 
the water was cooled to any other temperature below 32° without' 
congelation. Thus, when water cooled to the temperature of 27°, 
without congelation, was agitated, it was found that 28*5 pairt of the. 
whole mass was congealed. In this case, the whole mass was raised 
through 5° ; and since the heat developed by the firozen portion would 
be sufficient to raise 28} times this portion through 5°, it follows 
that the frozen portion must be the 28*5 part of the whole mass. 

1445. Useful effects prodtLced hy the heat absorbed in liquefaction 
and developed in congelation, — The great quantity of heat absorbed 
by ice when it melts, and given out by water when it freezes, sub- 
serves to the most important uses in the economy of nature. It is 
from this cause that the ocean, seas, and other large natural collec- 
tions of water are most powerful agents in equalizing the tempera- 
ture of the inhabited parts of the globe. In the colder regions, eveiy 
ton of water converted into ice gives out and diffuses in the surround- 
ing region a9 much heat as would raise a ton of liquid water from 32° 
to 174° *65 ) and on the other hand, when a rise oi temperature takes 
place, the thawing of the ice absorbs a like quantity of heat. ThuS; 
in the one case, supplying heat to the atmosphere when the temper- 
ature &lls, and in the other, absorbing heat frt)m it, when the tern-* 
perature rises. Hence we see why the variations in climate are less' 
on the seaKsoast and on islands, than in the interior of large condnents. 

The temperature of the air under the line does not vary much more 
than 4°, and that of the water varies not more than 1°. 

1446. J3ca< absorbed and developed in the liquefaction and solid- 
ijkation of other bodies, — The thermal phenomena explained above 
with reference to water belong to a general class, and are common^ 
with certain modifications, to all solids which are transformed into 
liquids by the addition, and to all liquids which are transformed into 
solids by the abstraction of heat. Thus, if a mass of tin have its 
temperature raised by the addition of heat until it attain the temper- 
ature of 442°, it will then become stationary, notwithstanding it 
receive further increments of heat; but the moment it becomes 
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gtaiionary its fasion will begin, and it will continne steadily at the 
temperature of 442° until it be completed ; but the moment the last 
particle of tin has been melted, its temperature will begin to rise. 

In the same manner, if lead be submitted to an increase of tem- 
perature, it will begin to liquefy when it reaches the temperature of 
594°, and notwithstanding the additional quantities of heat imparted 
to it, its temperature will not rise above 594°, until its fusion is 
completed. In a word, all metals whatever, and in general all solids 
which by elevation of temperature are fused, undergo, during the 
process of fusion, no elevation of temperature ; the heat imparted to 
them during this process becoming ktent in them, since it does not 
affect the thermometer. 

1447. LaterU heat of fusion, — This heat is called the latent heat 
qf/imon, and its quantity for each body is determined by means 
cdmilar to those already explained for water. 

1448. Points of fusion. — Different solids are fused at different 
teiii^ratures, but the same solid is always fused at the same temper- 
ature, which temperature is called its point of fusion. This point 
of fusion constitutes, therefore, a specific character of the solid. The 
quantity of heat rendered latent during the fusion of different metals 
is different, but always the same for the same metal. This quantity 
is estimated or expressed by the number of degrees which it would 
raise the same weight of the same body, supposing it not to undergo 
the change from the solid to the liquid state. In the same manner, 
all liquids which, by the loss of heat, are converted into solids, have 
a certain point, the same for each liquid, but different for different 
liquids, at which they pass into the solid form. This point is called 
iheirjHnnt of solidifcation, or their freezing point. It is customary 
to apply the latter term only to such bodies as at common tempera- 
tures are found in the liquid state. 

The point at which a body in the liquid state solidifies, is the same 
as that at which the same body in the solid state is liquefied ; the 
points, therefore, of solidification or congelation are the same as the 
points of fusion or liquefaction for the same bodies. Thus the point 
of fusion for ice is the same as the freezing point for water. 

Two conditions are therefore necessary to the fusion of a solid body : 
first, its temperature must be reduced to the point of fusion ; and, 
secondly, it must receive a certain quantity of heat, called its heat of 
fusion, which will become latent in it when the fusion has been 
completed. 

In like manner two conditions are necessary to the congelation or 
solidification of a liquid; first, it must be reduced to its freezing 
point ; and secondly, it must be deprived of a certain quantity of 
heat, which exists latent in it, and maintains it in the liquid state. 

In the following table are given the points of fusion of the several 
bodies named in the first column. ^ 

II. . '8 
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Table showing the Point of Fusion of various Svhstances in 
Degrees of Fahrenheit s Thermometer, 



Names of Sabttanee*. 



Fabr. 



AuthtHitisfl. 



Platina 

English wrought iron 

French do. 

Steel rieast fusible^ ».. 

Out iron, maaganesed 

** grey, fusible 

« « very fusible........ 

«« white, fusible 

« (( Yery fusible 

Qold, very pure ^ 

« money 

C!opper 

Brass 

Silyer, very pure 

Anmie 

Antimony 



•••••• 



Zino.. 



JjSMS •«•••.•• 



]MBniitli*. 



nn. 



Alloy 6 atoms tin, 1 atom lead 

« 4 (( « 

« 8 ** " 

tt 2 ** ** 

u 1 it tt 

"1 <* 8 atoms lead.'.'.."...!!!!!!! 

Alloy 3 atoms tin, 1 atom bismuth. 

u 2 ** " 

(t 1 « it 

« 4 « 1 atom lead, 6 atoms bis- 
muth. 



{ 



Sulphur 

Iodine ... 

Alloy 2 parts lead, 3 parts tin, 5 parts bis- 
muth 

« 6 
«* 1 

Sodium 

Potassium . 



it 
t< 



8 
1 



tt 
tt 



8 
4 



tt 
tt 



Phosphorus 

Stearic add 

Wax, bleached 

unbleached, 



(( 



Margaricadd. 



Stearine 



3082° 

2912 

2732 

2552 

2372 

2282 

2192 

2012 

2012 

1922 

2282 

2156 

1922 

1859 

1832 

1652 

810 

700 

705 

680 

608 

590 

692 

509 

505 

477 

480 

512 

446 

449 

433 

381 

372 

367 

385 

466 

552 

392 

333-9 

286-2 

246 
237 
226 
225 

2W 
212 
201 
194 
162 
136 
109 
100 
158 
154 
142 
131 

to 
140 
120 

to 
109 



CSarke. 

Pouillet and YauquellB. 



PoniUet 



} 



} 



DanielL 

Pouillet 

Murray. 

Ouyton Morreao. 

Pouillet. 

Pouillet. 

Irvine. 

Guyton Moryeau. 

KrvMLnn. 

PouUlet. 

Irvine. 

Grichton. 

Guyton Moryeau. 

Pouillet 

Grichton. 



' Pouillet 



Dumas. 



Pouillet 



Gay Lnssac and Tb6nard, Ponillat 
Gay Lussac and Ih6naxd. 

Pouillet. 

Murray. 



Pouillet 
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Namet of Sabstuices. 



Spermaoeti 

Aeetio acid ........ 

Tallow 

Ice 

(Ml of turpentine 
Mercury 



".7- 

Fahr. 



120° 
113 

92 

32 

14 
—38-2 



AotkoritiM. 



PouiUet 



1449. Latent heat of fusion of certain bodies, — The latent heat 
of fusion has not been so extensively investigated. M. Person has, 
however, determined it for the bodies named in the following table. 
The points of fasion observed by M. Person, for the specimens tried, 
are given. The unit of the numbers expressing the latent heat is, 
in this case, the quantity of heat necessary to raise the same weight 
of water from 32° to 83°. 



Names of SobtUnces. 



Chloride of calcium.. 
Phosphate of eodaf... 

Phoi^horufl 

Bees-vaz (yellow).... 

IVAroet'g alloy.......... 

Sulphur 



PointB 


Latent Heat 


of 


for Unity 


PuioB. 


of Weight. 


83*3 


82-42 


97-6 


98-37 


111-6 


8-48 


143^ 


78-32 


204*8 


10-73 


2390 


16-51 



Names «f Substaneei. 



Tin 

Biflmuth 

Nitrate of soda.... 

Lead 

Nitrate of potash. 
Zinc « 



PoiDts 


LatMtHeat 


of 


for UnitT 


Faskm. 


ofWeifht. 


455-0 


26-74 


6180 


22-32 


590-9 


" 118-36 


629-6 


9-27 


642^2 


83-12 


793-4 


49-43 



1450. Facility of liquefaction jproportionaJl to the guantity- of 
latent heat. — The different quantities of latent heat peculiar to the 
different bodies, explain the different degrees of facility with which 
they are liquefied. Ice liquefies very slowly, because its latent heat 
is considerable. Phosphorus and lead, on the other hand, whose 
latent heat is small, melt very rapidly. Ice cannot be liquefied until 
it has received, as much heat as would raise its own weight of water 
142^-65; while lead and phosphorus are liquefied by as much heat as 
would raise their own weight of water 9°. Hence it will be under- 
stood why it is that glaciers and vast depths of snow continue on 
mountain ridges, such as the Alps, in spite of the heat imparted to 
them during the hottest summers ] such heat, however considerable, 
being only sufficient to liquefy a portion of their superficial strata, 
^hich descends the declivities, and feeds the streams and rivers of 
which they are the sources. 

1451. Other bodies besides water may continite liquid below the 
point of solidification. — The circumstance of water continuing in 
tiie liquid state below its freezing point, when kept free from agita- 
tion, is not peculiar to that liquid. Tin fused in a crucible was cooled 
by Mr. Crichton 4*^ below its melting point, and yet remained liquid, 
and similar phenomena have been observed with other metals. In 
all such cases, the moment solidification commences, the liquid, as in 
the case of water, suddenly rises to its point of fusion; and the same 
causes in all oases &vour solidification. 
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1452. Refractory "bodies, — Bodies which are difficult of fusion 
are called refractory hodies. Among these, oue of the most remark- 
able is carbon or charcoal, one form of which is the precious stone 
called the diamond. No degree of heat, as yet attained, has reduced 
this substance to the liquid state; indeed, diamond being crystallized 
charcoal, it is probable that if the fusion of charcoal could be effected, 
diamonds could be fabricated. Among the most refractory bodies 
are the earths, such as lime, alumina, baryta, strontia, &c. Of the 
metals, the most refractory are iron and platinum, but both of these 
are fused by the oxyhydrogen blowpipe, as well as by the galyanic 
current. 

1453. Allot/8 liquefy more easily than their constituents. — It is 
found that alloys composed of the mixture of two or more metals, in 
certain proportions, frequently liquefy at a much lower temperature 
than either of their constituents. Thus a solder composed of 4 
parts of lead and 6 of tin fuses at 336°. An alloy composed of 8 
parts of bismuth, 5 of lead, and 3 of tin, liquefies at a temperature 
below that of boiling water; and an alloy composed of 496 bismutb| 
310 lead, 177 tin, and 26 odercury, fuses at 162° -5. If a thin strip 
of this alloy be dipped into water that is nearly boiling hot, it will 
melt like wax. 

1454. Some hodies in fusing pass through different degrees of 
fluidity. — Some bodies, like water, pass from the complete solid to 
the complete liquid state without passing through any intermediate 
degrees of aggregation ; while others, like wax, tallow, and butter, 
become soft at temperatures considerably below those at which they 
are liquefied ; and there are others, like glass and some of the metals, 
which never, at any temperature, attain absolute fluidity. 

1455. Singular effects manifested by sulphur, — Sulphur also 
presents some curious exceptional circumstances in its state of aggre- 
gation at di^erent temperatures. If heat be gradually and slowly 
imparted to' it, it will be fused, and become very fluid at 302°. If 
the supply of heat be continued, it will change its colour and become 
red and viscous and considerably less fluid. At length, heat being 
further supplied, and its temperature being raised from 430° to 480°, 
it will become altogether red, opaque, and acquire the consistency of 
a thick paste. 

1456. Points of congelation lowered hy the solution of foreign 
Shatter. ' — The freezing points of liquids are generally lowered when 
solids are dissolved in them. Thus, when salt is dissolved in water, 
the freezing point of the solution is always below 32°, and its dis- 
tance below it depends on the quality and quantity of salt in solution. 

1457. Points of congelation of acid solutions. — The strong acids 
generally freeze at much lower temperatures than water ; and if they 
be mixed with water, the freezing point of the mixture will hold an 
intermediate position between those of water and the pure acid. The 
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freesing points of the acids themselves vary with their streDgth, bat 
not according to any known or regular law. 

145i8. Sudden change of volume accompdme^ congeltition. — 
When a liquid passes into the solid state by the absorption of 
heat, a sudden and considerable change of dimensions is frequently 
observed. This change is sometimes an increase and sometimes a 
diminution, and in some cases no change takes place at all. When 
mercury" is cooled to its freezing point, which is — 39°, it under- 
goes an instantaneous and considerable diminution of bulk as it 
passes into the solid state. An e£fect exactly the reverse takes place 
with water. When this liquid cools down to 32°, it passes into the 
solid state, and in doing so undergoes a considerable and irresistible 
expansion. So great is this expansion, and so powerful is the force 
with which it takes place, that large rocks are frequently burst when 
water collected in their crevices freezes. It is a common occurrence 
that glass bottles containing water, left in dressing-rooms in cold 
weather, in the absence of fire are broken when the water contained 
in them freezes, the expansion in freezing not being yielded to by any 
corresponding dilatation in the glass. An experiment was made at 
Florence on a brass globe of considerable strength, which was filled 
with water, and closed by a screw. The water was frozen within 
the globe, by exposure to a cold below 32°, and in the process of 
freezing the water burst the globe. It was calculated that the force 
necessary to produce this effect amounted to about 28,000 lbs. . 

1459. This expaimon in the case of water not identical with that 
which takes place behw the point of greatest devmty, — This sudden 
expansion of water in freezing is a phenomenon distinct from the 
expansion already noticed, which takes place as the temperature is 
lowered from 38° -8 to 32°. The latter expansion is gradual and 
regular, and accompanied by a gradual and regular decrease of tem- 
perature ; but, on the other hand, the expansion which takes place 
when water passes from the state of liquid to the state of ice is sud- 
den and even instantaneous, and is accompanied by no change of 
temperature, the solid ice having the temperature of 32°, and the 
liquid of which it is formed having had the same temperature just 
before congelation. 

1460. The quantity of expansion produced in cx)ngelation is the 
same for the same liquid, at whatever temperature congelation takes 
place. — When water is cooled below 32° without freezing, the ex- 
pansion which took place from 38°-8 to 32° is continued, ind the 
liquid continues to dilate below 32° : when it is afterwards solidified 
by agitation, or by throwing in a crystal of ice, a sudden and consi- 
derable expansion takes place as already described, but this expansion 
is always less than would take place if it solidified at 32°, by the 
quantity of expansion which it suffered in cooling from 32° to the 
temperature at which it was solidified. It is observed, that the ex 

8* 
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pansion which water suffers in being solidified at 32® amounts to 
about one-seventh of its bulk. If it be solidified at a lower temper- 
ature, it will suffer a less expansion than this ; but the expansion 
which it suffers in solidification under these circumstances, added to 
the expansion which it suffers in cooling from 32° downwards previous 
to solidification, will always produce a total amount equal to the 
expansion which it would suffer in solidifying at 32°. Hence the 
totol expansion which water tindergoes, from the temperature of 
greatest density (38° -8) until it becomes solid, is always the same, 
whatever be the temperature at which it passes from the liquid to 
the solid state. The same observations will be likewise applicable to 
other liquids similarly solidified. ' 

1461. Phosphorus and oils in general contract in congealing. — 
If a quantity of liquid phosphorus, at the temperature of 200°, be 
gradually cooled, it will be observed to suffer a regular contraction 
in its dimensions, according to the general laws observed in the cool- 
ing of bodies. When it is cooled to the temperature of about 100°, 
it passes into the solid state, and in doing so undergoes a sudden and 
considerable contraction. Oils generally undergo this sudden con- 
traction in the process of freezing. 

1462. Some bodies expand, and some contract, in congelation, — 
It may be assumed as generally true, that bodies which crystallize 
in freezing undergo a sudden expansion, and that bodies that do not 
crystallize in freezing, for the most part suffer a sudden contraction. 
Sulphuric acid, however, is an example of a liquid which passes from 
the liquid to the solid state, and vice versd, without any discoverable 
expansion or contraction. Most of the metals contract in passing 
from the liquid to the solid state, the exceptions being cast iron, bis- 
muth, and antimony, all of which undergo expansion in solidifying. 

1463. Why coin is stamped, and not cast — It is evident that a 
metal which contracts in solidifying cannot be made to take the exact 
shape of the mould. It is for this reason that money composed of 
silver, gold, or copper cannot be cast, but must be stamped. Cast 
iron, on the contrary, as it dilates in solidifying, tftkes the impression 
of a mould with great precision, as do also certain alloys used in the 
arts. 

1464.' Contraction of mercury in cooling. — The most striking 
instance of sudden contraction in cooling is exhibited in the case of 
mercury. This was first observed in the case of a thermometer, 
which when exposed to a temperature about 40° below zero, was 
observed to fall suddenly through a considerable range of the scale, 
and in some cases the mercury was precipitated into the bulb. It 
was observed that the thermometer being exposed to a temperature 
lo?vxr than — 40°, the mercury gradually falls until it arrives at 
about — 38°, and that then a great and sudden contraction takes 
place at the moment the metal is solidified. 
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This contraction, however, must not be understood as indicating 
any real fidl of temperature, as is the case with all the previous and 
regular contractions which take place before the solidification of the 
metal. 

1465. Svhstances which soften before fusion. — Substances which 
soften before they melt, and which pass by degrees from the solid to 
thfe liquid state, are mostly of organic origin, and their point of 
fusion is below the temperature of boiling water. Some of these^ 
which are of most general utility in the arts, are the following : 

Colophany begins to melt at 275^ 
Brown wax " " 110 

White wax « " 124 

Tallow « « 104 

Pitch " << 91 

1466. Wddahle metals. — The metals capable of being welded 
soften before they are fused ; and the heat at which they soften is 
called a welding heat. The metals which most readily admit of 
being welded, are platinum and iron. At an incipient white heat 
(2372^) they become soft ; and, in this state, pieces of the metal 
may be intimately united when submitted to severe pressure, or 
when passed under the hammer. 

1467. Freezing mixtures. — It may be taken as a physical law of 
high generality, that a solid cannot pass into the liquid state without 
absorbing and rendering latent a certain quantity of heat. This heat 
may be, and often is supplied from some other body in contact with 
that which is liquefied. But if no such external supply of heat be 
present, and if, nevertheless, any physical agency cause the liquefac- 
tion to take place, the body thus liquefied will actually absorb its 
own sensible heat. While it is liquefied, it will therefore fall in 
temperature to that extent which is necessary to supply its latent 
heat of fluidity at the expense of its sensible heat. 

To render this more clear, let us imagine a pound of ice at the 
tempera*ture of 32*^ to be mixed with a pound of liquid having the 
temperature of — 110*^, and let this liquid be supposed to have the 
property of dissolving the ice. When the liquefaction is completed, 
the temperature of the mixture will be — 110°. Now the liquid, 
which is here supposed to be the solvent, neither imparts heat to the 
ice nor abstracts heat from it. The ice therefore, now liquefied, con- 
tains exactly as much heat as it contained before liquefaction, and no 
more. But, to become liquid, it was necessary that 142° -65 of heat 
should be absorbed by it, and become latent in it. This 142°-65 has 
therefore been transferred from the sensible to the latent state in the 
ice itself. 

This principle has been applied extensively in scientific researches 
and in the arts for the production of artificial cold, the compounds 
thus made being csW^di freezing mixtures. 
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In all freezing mixtures, two or more substances are combined, one 
or more of which are solid, and which have chemical propertaes in 
virtue of which, when intimately mixed together, they enter into 
combination, and, in combining, liquefy. The operation is so con- 
ducted, that no heat is supplied either by the vessel in which the 
liquefaction takes place, or from any other external source. Such 
being the case, it follows that the heat absorbed in the liquefaction 
must be supplied by the substances themselves which compose the 
mixture, and which must therefore suffer a depression of. tempera- 
ture proportional to the quantity of heat thus rendered latent. 

The cold produced will be increased by reducing the temperature 
of the substances composing the mixture before mixing them. Thus, 
let A and B be the substances mixed. Before being combined, let 
them be reduced to 32^ by immersing them in snow. Let them then 
be mixed, and let the latent heat of fusion be 32°. The mixture will 
fall to zero, since the 32° of sensible heat will be absorbed. But if, 
at the moment of mixing them, their temperature had been 64°^ then 
the temperature of the mixture would become 32°. 

The substances which may be used to produce freezing mixtures 
on this principle are very various. 

If equal weights of snow and common salt at 32° be mixed, they 
will liquefy, and the temperature will fall to — 9°. 

If 2 lbs. of muriate of lime and 1 lb. of snow be separately re- 
duced to — 9° in this liquid and then mixed, they will liquefy, and 
the temperature will fall to — 74°. 

If 4 lbs. of snow and 5 lbs. of sulphuric acid be reduced to — 74° 
in this last mixture, and ^en mixed, tl^ey wilHiquefy, and the tem- 
perature will fall to — 90°. 

If a pound of snow be dissolved in about two quarts of alcohol at 
32°, the mixture will fall nearly to — 13°. If the same quantities 
of snow and alcohol, being reduced in this mixture to — 13°, be then 
mixed, the temperature of the mixture will be reduced to — 68°; 
and the same process being repeated with like quantiti(?s in this 
second mixture, a further reduction of temperature to — 98° may 
be produced ; and so on. 

1468. Apparattis for producing artificial cold. — Freezing mix- 
tures are used for the artificial production of ice in hot climates. 
The most simple apparatus for this purpose is represented in^w^. 440., 
and is composed of a tin bucket A B c D, having a slightly conical form, 
in the bottom of which is a circular hole, a little less in diameter 
than the bottom. In this hole is soldered the mouth of another tin 
bucket, GEFH, also conical, but with its smaller. end upwards. A 
space w is thus left between the two tin buckets, in which the water 
or other substance to be cooled is placed. 

The freezing mixture is placed in another vessel, i K L M, fiAj. 441., 
similar in form to the bucket A B C D. This vessel i K L M ought to 
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be made of some non-conducting material. Common glased earthen- 
ware would answer tlie pnrpose. Wbeo the frceziag mixture is 
placed in it, the vesisel A b o d is immersed in it, as represented in 
jig. 441. ; BO that the cold liquid ia not only in contact with die ex- 
ternal surface of the tin bucket A B D, but also with the inner 
surface of am s. The water w, or whatever other substance it is 
required to cool, Is therefore qnioklj reduced in temperature. 





If it be not convenient to provide a vessel such as i k l m in 
earthenware, a tin vessel tbickljr coated with woollen cloth, may be 
used. 

1469. T<Me of freesing mKctaru. — There are a great variety of 
bodies wbich, by combination, serve for freezing mixtures. The fol- 
lowing table baa been collected from the results of the researches 
of 'Walker and Lowitz. The substances are indicated by letters as 
follows : — 



£s:^«i;^r::::r:z:-:"-™":" 


















The figures prefixed indicate the proportion by weight in which 
tbe ingredietite are mixed. Thus 6ss-i-4MA-f-2HP-|-4dNA signifies 
« mixture of 6 oz. of sulpbate of soda, 4 oz. of muriate of ammonia, 
2 OS. of nitrate of potash, and 4 oz. of dilute nitrio acid. 



aSB+ldNi 

s aa+t KA+i HP- 

+* UN J 

fl SS+S NA-f4dHA~. 

9 FB-H dHA _. 

ft Fa+BVl.-HdMA.- 
8 BB+SHA_ 



l!I+3ollL 

6 PS +3 si'+i'^A- 



1470. Extraordinary degrees of artificial cold produced hy TM- 
lorier and Mitchell. — Thiloiier produced 3 povrerfuf freenng mixtara, 
by Bolidifyiog oarbonio acid, and nixiag it with gnlphuno acid or 
Balphnric ether. A tetnperatare 120° below zero, and therefore 152° 
below the freezing point, waa thna produced. 

Mitchell, repeating the experiment, prodaced a Btill more intense 
cold. He exposed alcohol of the specific grarity of 0-798 Bucceas- 
ively U) the temperatures of — 130° and — 146°. He fltatea that 
at the former temperature it had the oonsisteDoy of oil, and at the 
latter resembled melting wax. 

1471. Alcohol probably congeals at about 150°. — If these eipef. 
rimenta can be relied on, it maybe inferred that thefreeidnz point of 
alcohol, BO long and hitherto so vainly sooght, is probably about 
— 160°, or 182° below the freezing point of water and 110° below 
that of meroory. 

1472. Precaiitiora necessary in ea^periments vnA Jreezing mu«- 
tures. — To insure auccess in experiments on extreme cold prodnced 
by freeziDg mixtures, the salts used most not have lost their wat«r 
of crystallizatdon, beoiuse in that case they quielily abaorb water, and 
conrertiog it into ice liberate caloric and obstruct the cooling. The 
salts and ice used should be pulverized so as to dissolve quickly. 
When extreme cold is required, the vessel containing the freedag 
mixture Bhould be immersed in another vessel, containing alao a 
freezing mix tare, so as to retard the mixture nnder experiment from 
receiving heat from the vessel which contains it, and a sufficient 
quantity of the ingredients forming the freezing mixture should be 
used. 

1473. Greatest natural cold yet observed. — The greatest natural 
cold of which any record has been kept, waa that observed ly Pro- 
fessor Hanstccn between Krasnojarsk and Nishme-Udmiks in 55° N. 
kt., which he states amounted to —55° ^anm. ?) = — 91°-75 F. 

At Jakutsk, the mean temperature of December is — 44^° P. Id 
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1828, fipom Javaazj 1 tcr Jainiaiy 10, the mean temperature of that 
place was — 58®. 

In the expedition to China^ in December 1839, the Bussian army 
experienced for several snccessiye days a temperature of — 41*'-8 F. 

1474. I^nciple of Jliuces. — Examples of their application. — 
The same principle which explains the effect of freezing mixtures, is 
also applicable to the phenomena attending fluxes in metallurgy. 
Flvace^ are certain bodies which, when mixed with others, cause 
them to fuse at lower temperatures than their proper point of fusion. 
It is by this means that certain metals and metallic ores are fused, 
when exposed to the opera^n of blast furnaces. In a certain sense, 
salt may be said to be a flux for ice ; but this term flux is usually 
limited in ita application to bodies which are only fused at very 
elevated temperatures ; for example, in enamelling, and in the man- 
ufacture of glass and of the paste by which precious stones are imi- 
tated, silicious sand is employed in greater or less proportion, about 
one-third for enamel, and nearly three-fourths for plate glass. Now 
ffllica is not fused at any heat attainable by common furnaces. M. 
Gaudin lately succeeded in its fusion, by means of the oxy-hydrogen 
blowpipe, and drew it into threads as fine as the filaments of silk. 
When combined, however, with proper fluxes, it fuses readily in the 
furnace. The fluxes used vary according to the purposes for which 
the silica is applied, but they consist generally of soda, potash, and 
lime, with the addition of lead for flint glass, and stannic acid for 
enamel. The compound which results from the mixture of these 
ingredients, by their exposure to intense heat, is reduced to a sort 
of pasty fusion, but can never be said to undergo positive liquefaction. 
Never^eless, the beautiful transparency of Bohemian glass, plato 
glass, flint glass, and the factitious diamonds, show that the consti- 
taents must be combined in a very intimate manner. 

Fine earthenware and porcelain are also fabricated by means of 
fluxes ; for although fusion is not actually produced, nor is there the 
same intimate combination of the constituents as takes place in vitri- 
faction, still there is a partial combination, and an incipient fusion. 
The fluxes in this case consist also of soda, potash, lime, and some- 
times magnesia, the soda and potash however being used in their 
combined form of feldspar. 

1475. Infvsihh bodies, — Infusible bodies may be resolved into 
two classes, those which are refractory, and which alone can be 
properly said to be fusible, and those whose fusion is prevented by 
their previous chemical decomposition or composition. Before the 
invention of the oxy-hydrogen blowpipe, an\l other scientific expe- 
dients for the production of intense heat, the number of refractory 
substances was much more considerable than it is at present. Scarcely 
any body can be said to be absolutely infusible except charcoal, which 
under all its forms of pure carbon, anthracite, graphite, and diamond, 
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has resisted fusion at the highest temperature which has yet been 
produced. 

The term refractory, however, is still applied to those classes of 
substances which resist fusion by ordinary furnaces. 

When certain compound bodies are exposed to an intense heati 
they are resolved into their constituents before they attain the point 
of fusion ; and in other cases simple bodies enter into chemical com- 
bination with others which surround them, or are in contact with 
them before the fusion takes place. 

The fusion, however, may in some cases of both of these classes 
of bodies be effected by confining them in some envelope which will 
resist the separation of their constituents if they be compound, or 
exclude them from the contact with bodies with which they might 
combine if they be simple. 

1476. Marble may he fused, — If marble be exposed under ordi- 
nary circumstances to an intense heat, it will be resolved into its 
constituents, lime and carbonic acid ; but if it be confined in a strong 
gun-barrel, for example, it may be fused. 

1477. Organic bodies are decomposed be/ore fusion, — Almost 
all organic solids, except the resins and the fats, are infusible before 
they are decomposed ; we cannot melt a piece of wood, a leaf, a 
flower, or a fruit ; but after having evaporated their liquid consti- 
tuents, and dried them, the influence of heat causes their constituents 
to enter into combination, and produces new substances, which are 
generally volatile, and which have nothing in common with the 
original substances. 

1478. Water separated from matter held in solution by cxmgelar 
tion, — When water holding any body in solution has its temperature 
sufficiently lowered, its congelation takes place in one or other of 
three ways : first, the water may congeal independently of the body 
which it holds in solution ; secondly, the body which it holds in 
solution may congeal, leaving the water still liquid; thirdly, the 
water and the body ;t holds in solution may congeal together.' 

The congelation of the water independent of the substance it holds 
in solution is presented in the case of the very weak solutions. In 
this case, the point of congelation is always below the freezing point. 
Thus, if water -hold in solution a small quantity pf alcohol, acid, 
alkali, or salt, it will be necessary to reduce the whole to the freezing 
point to produce its congelation ; but when ice has been formed upon 
it, this ice will consist of pure water, without the mixture of any 
proportion of the substances which the water held in solution. Thus, 
sea-water freezes at 27^°, being 4^*^ below the freezing point of pure 
water ; and if the ice produced upon it be withdrawn and melted, it 
will produce pure water. In the same manner, if weak wine be 
frozen, the ice formed upon it will be the ice of pure water, and the 



LIQUEFACTION AND SOLIDIFICATION. 97 

wine wbich still remains liquid will be proportionally stronger. This 
method is sometimes practised to give increased strength to wine. 

1479. Saturated solutions partially decomposed hy cooling. — 
Water is generally capable of holding in solution only a certain 
quantity of any solid substance, and when all the substance has been 
dissolved in it which it is capable of taking, the solution is called a 
saturated solution. Now^ it is found that the quantity of solid matter 
of any kind which water is capable of holding in solution, increases 
with the temperature. Thus, water at 212° will hold more of any 
^ven salt in solution, than would water at 50°. Let us suppose, 
then, that a saturated solution of any salt is made at 200°. If this 
eolation be allowed to cool, a part of the salt which it contains must 
return to the solid state, since at lower temperatures it cannot hold 
in solution the same quantity ; and in proportion as the temperature 
of the solution falls, the <][uantity of solid matter which will be 
formed in it will increase. In this case, the cooling accomplishes a 
partial decomposition of the solution. If the cooling be accom- 
plished suddenly, the salt is precipitated tumultuously and in a con- 
fused mass, without form or cohesion ; but if the solution is allowed 
to cool slowly and without agitation, the molecules of the salt collect 
into regular crystals. 

Even after the temperature of the solution has ceased to fall, the 
decomposition and crystallization will continue, if the vessel contain- 
ing the solution be in a position favourable to superficial evaporation. 
The water which evaporates from the surface taking with it none of ^ 
the salt, all that portion of salt with which it was combined will 
reoeive the solid form, and will collect into crystals ; and this process 
may be continued until, by superficial evaporation, all the water shall 
have disappeared, and nothing be left in the vessel except a col- 
lection of crystals of salt. 

1480. Anomal<ms case of anhydrous sulphate of soda. — The 
solution of anhydrous sulphate of soda presents some remarkable 
exceptional phenomena. At the temperature of 91° '4 it has a 
maximum of saturation, that is to say, above this point the propor- 
tion of salt which it contains diminishes instead of increasing as the 
temperature is raised. However, at the boiling point, it contains 
mnch more salt than at the common temperature. If the solution 
be boiled in a large tube, and when it is well purged of air the tube 
be closed at the top, so as to exclude the atmosphere, the cooling 
will take place without any solidification ; but when the top of the 
tube is broken so as to admit the air, the salt is suddenly congealed 
in a mass, with so gi^at a disengagement of heat, that the tube be- 
comes warm to the touch. 

1481. (7a«c in which the matter held in solution conceals with the 
water. — In some cases the water and the salt which it holds in solu- 
tion are solidified together. This happens when t\ie ^V& ^oxi\t<dk.. 
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their water of crystallization. The phenomena are produced in the 
same manner as in the case just descrihed, with this difference, that 
the molecules of salt in collecting carry with them the molecules of 
the water of crystallization, which pass also to the solid state, taking 
the place which belongs to that in the crystals. Nevertheless, the 
solidification of the water disengaging in general much more latent 
heat than the solidification of the salt, the crystals undergo a less 
rapid increase, whether formed by mere cooling, or by evaporation of 
a part of the dissolving mass. 

1482. Dutch tears. — When bodies liquefied by heat 
are suddenly cooled, some remarkable aird exceptional 
phenomena are often produced. Thus, if large drops 
of glass in a state of fusion be let fall into a vessel of 
cold water, the solidification of their superficial parts is 
immediate; that of their interior is much more slow. 
There results from this a sort of forced and unnatural 
arrangement of the molecules of the drop, which explain 
the singular phenomenon produced by Dutch Tears, so 
called firom the form they assume, as represented in fig, 
442. If the extremity of the tail of one of these be 
broken, in an instant the entire mass cracks, and is 
Fig. 442. je^jmje^j tQ powder. This arises from the fact that, the 
glass not being cooled slowly and gradually, the molecules in solidi- 
fying have not had time to assume their natural position, and; being 
in a forced position, on the least disturbance separate. 

1483. Use of anneaUng in glass manufacture and pottery. — To 
prevent this, articles manufactured of glass are submitted to the 
process called annealing after their fabrication, — ^a process in which, 
being again raised to a certain temperature, they are allowed to 
cool very slowly. Pottery in general is submitted to the same 
process. 

1484. Tempering steel. — The temper of steel is a quality analo- 
gous to this. Being heated almost to the point of fusion, and being 
plunged in water, it becomes as brittle as glass. In this state, it is 
said to have the highest temper. If it is tempered only at a cherry 
red, it is less hard and less brittle. This is what is called the ordi- 
nary temper. In short, it may be annealed in an infinite variety 
of degrees over a fire of small charcoal, according to the temper 
which it is desired to impart to it. The oxidation which it suffers 
at the surface indicates by the colour which it gives to it the degree 
of annealing which it has received: thus it sometimes acquires a 
blue colour and sometimes a straw colour, the ktter colour indicating 
a harder and less elastic quality. 
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1485. Evaporation 0/ liquids in free air, — ^If a liquid be exposed 
in an open vessel; it will be graduallT- converted ^^^ vapour, which 
mixing with the atmosphere will be dissipated, and after a certain 
time the liquid will disappear. This phenomenon, called evaporation, 
was formerly explained by the supposition that the air had a certain 
affinity for the liquid in virtue of which the air dissolved it, just as 
water dissolves sugar or salt. 

A conclusive, proof of the falsehood of this hypothesis was pre- 
0ented by the fact, that the vaporization of the liquid takes place in 
a vacaom, and that the presence of air not only does not cause more 
of the liquid to be evaporated than would have been evaporated in 
its absence; but actually retards and obstructs the evaporation. 

1486. Ajpparatus for observing tlie properties of va- 
^^ pour. — To be enabled to examine and observe with 
r J clearness and precision the mechanical properties of the 
V#< vapour of any liquid, it is necessary to provide means by 
which such vapour can be separated from all other gases 
and vapours, since, being mixed with these, its properties 
*^ would be modified, so that it would be difficult to deter- 
f mine what effects^ are due to the vapour, and what to the 
gases with which it is combined. 

This object has been attained by apparatus, the prin- 
V <aple of which we shall now explain. 
90 Let A B, fig. 443., be a glass bulb and tube, the bore 
of the tube being very small compared with the capa- 
iiity of the bulb. Let the tube be widened into a sort 
^ of bell-shaped mouth at the end b, and let a gradu- 
4if ated scale be engraved upon it, the zero being near the 
bulb. 
. ^ Let the tube, held with the open end B upwards, be 
/ \ filled with pure mercury well purged of air, as described 
B in (714) et seq. Placing the finger on B to prevent the 

Hit. 443. ^s^^P® ^^ *^® mercury or the entrance of air, let the tube 
be inverted, and the end b immersed in a trough of mer- 
cury, as represented in fig. 444. If it be immersed to such a depth 
that the height of t\^e top of the bulb A above the level L L'of the 
mercury in the trough is less than the height of the barometric 
column, the mercury will not fall from the bulb, being sustained 
there by the atmospheric pressure. 

But if the bulb b^ raised to a greater height a' above l LVtho 
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column of mercury will not rise with it, 
but will stand at the height of the baro- 
metric column. 

Let the bulb bo raised to such a 
height a', that the zero of the scale en- 
graved on the tube shall be at a height 
above l l' equal to the barometric col- 
umn. In that case the level of the col- 
umn of mercury in the tube will coiDcide 
with the zero of the scale, and the space 
in the bulb and tube above this level 
will be a vacuum. Let this space be 
, s a', and let s M represent the column 
^ of mercury which corresponds in height 
with the barometer. 

Let D, fig. 445., be a small iron 
cylinder containing mercury, above whick 
is a piston by which it can be pressed 
downwards. This piston is urged by a 
screw, so as to be capable of being 
moved with accuracy through any pro- 
posed space, however small. Attached 
to the bottom of the cylinder q d is a 
very fine tube d p, bent into a rectan- 
Fig. 444. gular form so as to present its mouth 

upwards. This capillary tube is filled with the liquid, th^ vapour 
of which it is desired to submit to observation. By means of the 

screw acting on the piston, any proposed quan- 
tity of this liquid can be expelled frcmi the 
mouth p of the tube. 

This instrument being immersed in the trough 
L l', fig, 4A4:., and the mouth of the 'tube p 
being directed into the bell-shaped end of the 
tube b', a certain small quantity of the liquid 
is expelled by means of the screw, and issues 
from p. It rises by its relative levity through 
the mercury, and arrives at the top s of the coU 
umn. There it instantly dua^ppearSf and at the 
same time the mercury falls to a lower level. 
1487. Vapox(,r of a liquid an elastic^ transparent^ and invisible 
fluid like air, — The cause of this will be easily understood. The 
minute drop of liquid which rises to the surface is converted into 
vapour on arriving there, and is diffused in that state throughout 
the entire capacity of the tube and bulb. It is transparent and 
invisible like air ; and therefore, notwithstanding its pressure, the 
bulb and tube appear to be empty, as they would jf they were filled 
with air. 





Fig. 445. 
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1488. How its pressure is ijftdicated and measured. — ^But this 
Tapour being, like air, an elastic fluid, exercises a certain pressure 
upon the mercurial column s M, which pressure is manifested and 
measured by the fall of that column. The summit, which before 
stood at the zero of the scale, now stands at a lower point, and the 
number of the scale indicating its position, expresses the pressure 
of the vapour in inches of mercury. Thus, if the summit s of the 
column stand at half an inchi[>elow zero, the pressure of the vapour 
in the bulb is such as would support a column of mercury half an 
inch in height. 

Now let us suppose another small drop of the liquid to be injected 
by the apparatus fig, 444. Like effects will ensue, and the summit 
8 of the column will fall still lower, showing that the pressure of the 
vapour is augmented. 

1489. When a space is saturated with vapour. — By repeating 
this process, it will be found, that when a certain quantity of the 
liquid has been injected, no more vapour will be produced, and the 
liquid will float on the summit s of the mercurial column without 
being vaporized. The summit of the column will not be further 
depressed. 

It appears, therefore, that the space in the bulb and tube is then 
saturated with vapour. It has received all that it is capable of con- 
taining. That this is the case will be rendered manifest by elevating 
the tube. The summit s of the column still maintaining its height 
above L if, a greater space will be obtained above s, and it will be 
accordingly found, that a portion of the. liquid which previously 
floated on s will be vaporized, and if the tube be still more elevated, ' 
the whole will disappear. 

Since during this process the height s M of the mercurial column 
in the tube remains unaltered, it follows that the pressure of the 
vapour remains the same. 

By comparing the volume of the liquid ejected from v, fig. 445., 
with the volume of the tube and bulb filled by the vapour into which 
it is converted, the density of the vapour, or, what is the same, the 
column of vapour into which one unit of volume of the liquid is 
converted, may be ascertained. 

There are, however, other circumstances connected with this pro- 
cess, which are not rendered apparent, and which it is important to 
observe and xK)mprehend. 

When the liquid rises to the surface of the mercurial column and 
expands into vapour, it absorbs a certain quantity of heat which be- 
comes latent in it. This heat must be supplied by the tube, the 
bulb, and the mercury; and as the temperature of these does not 
permanently fall, this heat is replaced, and their temperature restored 
by the surrounding air. The quantity of heat absorbed in the eva- 
poration of the liquid will be presently shown. MeauN?\i\\ft\\»TD»sXk 
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be observed^ tbat tbe supply of the latent heat is essential to l^e 
evaporation of the liquid. If the mercury on which the liquid floats, 
and the glass by which it is enclosed, were absolute non-conductors, 
and could impart no heat whatever to the liquid, then the evapora- 
tion could not take place. 

It appears from what has been explained, that when the space 
above the mercury has been charged with a certain quantity of liquid 
in the state of vapour, or, what is the same, when the vapour it con- 
tains has attained a certain density, all further evaporation ceases; 
and any liquid which may be injected will remain in the liquid state, 
floating on the mercury. So long as the temperature of the sur- 
rounding medium, and consequently that of the bulb and its con- 
tents, remain unaltered, and so long as any liquid remains floating 
on the mercury, the pressure and the density of the vapour in the 
bulb will be unaltered. If the bulb be raised, so as to give more 
space for the vapour, a proportionally increased quantity of the liquid 
will be vaporized ; and if by depressing the tube the volume of the 
vapour be diminished, a corresponding part of it will return to the 
liquid state. In the one case, heat will be absorbed by the liquid 
evaporated ; and in the other, heat will be developed by the vapour 
condensed. This heat is borrowed from the surrounding atmosphere 
in the one case, and imparted to it in the other; since, otherwise, 
the bulb and its contents must undergo a change of temperature, con- 
trary to what was supposed. 

1490. Quantity of vapour in saturated space depends on temper- 
ature. — ^But let us now consider what will be the effect of raising or. 
lowering the temperature of the bulb and its contents. The bulb 
being charged with vapour, and a stratum of unevaporated liquid 
floating on the mercury, let the temperature of the medium surround- 
ing the bulb be raised through any proposed number of degrees of • 
the thermometric scale. This will be immediately followed by the 
evaporation of a part of the liquid floating on the mercury, and a 
depression of the column. An increased volume of vapour is there- 
fore now contained in the bulb and tube ; but if this increase of 
volume be compared with the increased quantity of liquid evapo- 
rated, it will be found to be less in proportion ; and it consequently 
follows, that the density of the vapour is augmented ; and since the 
column of mercury has been more depressed, and since this depres- 
sion measures the pressure of the vapour, it follows that this pressure, 
has been also augmented. 

1491. Relation between pressure, temperature, and density. — Thus 
it appears that the pressure and density of the vapour produced from 
the liquid floating on the mercury are augmented as the temperature 
of the liquid is augmented, and consequently diminished as that 
temperature is diminished. 

In short; a certain relation subsists between the temperature, 
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pressHrei iand density^ such tliat when any one of these are known, 
the other two can always he found. If this general relation were 
known, and could he expressed hy an arithmetical formula, the 
pressure and density of the vapour corresponding to any proposed 
temperature, or the temperature corresponding to any proposed 
density or pressure, could always he ascertained hy calculation. But 
the theory of heat has not supplied the means of determining this 
relaUon hy any general principles ; and, consequently, the pressures 
and densities of the vapour of liquids at various temperatures have 
heen determined only hy experiment and ohservation. 

1492. IVessurey temperature, and densiti/ of the vapour o/ water, 
— ^Different liquids at the same temperature produce vapours having 
c^erent densities and pressures. But of all liquids, that of which 
the vaporization is of the greatest physical importance, and conse- 
quently that which has heen the suhject of the most extensive system 
of ohservations, is water. 

If water he introduced ahovethe mercurial column in the apparatua 
ahove descrihed, and he exposed successively to various temperatures, 
the pressures and densities of the vapour it produces can he ohserved 
and ascertained. 

It is thus found that, in all cases, water passing into the vaporous 
state undergoes an enormous enlargement of volume, and that this 
enlargement increases as the temperature at which the evaporation 
takes place is diminished. Thus, if the temperature he 212^, a 
cnhic inch of water swells into 1696 cuhic inches ; and if the temper- 
ature he 77°, it swells into 23090 cubic inches of vapour. 

1493. Vapour produced from water at all temperatures, however 
low, — ^There is no temperature, however low, at which water will not 
evaporate. If the bulb and tube be exposed to the temperature of 
32°, the mercurial column in the tube will be lower than the baro- 
metric column by two-tenths of an inch, a small, but still observable 
quantity ; and even if the temperature be reduced still lower, so that 
the liquid floating on the mercury shall become solid ice, there will 
still be a vapour in the bulb, of appreciable pressure and density. 
Thus, a piece of ice at the temperature of — 4° (that is, 36° below 
the freezing point) produces a vapour whose pressure is represented 
by a column of mercury of a twentieth of an inch. 

The relation between the temperature, pressure, and density of the 
vapour of water, from the lowest temperatures and pressures to tem- 
peratures corresponding to a pressure twenty-four times greater than 
that of the atmosphere, has been ascertained by direct observation ; 
and by the comparison of these observations, an empirical formula 
has b^n found, which expresses the general relation of the tempera- 
ture and pressure with such precision, within the range of the tem- 
peratures and pressures observed, that it may be applied without 
risk of any important error to the computation o£ l\iQ y^^^*sm\^'^^ 
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temperatures, and densities, through a certain range of the ^cale^ 
beyond the limits to which observation and experiment have extended. 
In this way, the temperatures and densities of the vapour, corres- 
ponding to all pressures up to fifty times the pressure of the atmo- 
sphere, have been computed and tabulated. 

1494. Mechanical force developed in evaporation. — When a liquid 
expands into vapour, it exerts a certain mechanical force, the amount 
of which depends on the pressure of the vapour, and the increased 
volume which the liquid undergoes in evaporation. Thus, if a cubic 
inch of a liquid swells by evaporation into 2000 cubic inches of 
vapour having a pressure of 10 lbs. per square inch, it is easy to 
show that a mechanical force is developed in such evaporation which 
is equivalent to 20,000 lbs. raised through one inch. For, if we 
imagine a cubic inch of the liquid confined in a tube, the bore of 
which measures a square inch, it will, when evaporated, fill 2000 
inches of such tube, and in swelling into that volume will exert a 
pressure of 10 lbs., so that it would in fact raise a weight of 10 lbs. 
through that height. Now 10 lbs. raised through the height of 2000 ' 
inches, is equivalent to 20,000 lbs. raised through the height of one 
inch. 

Since, however, it is customary to express the mechanical effect 
by the number of pounds raised through one foot, the mechanical 
effect produced in the evaporation of each cubic inch of a liquid will 
be found by multiplying the number which expresses the volume of 
vapour produced by the unit of volume of the liquid by the number 
expressing the pressure of the vapour in pounds per square inch, and 
dividing the product by 12. 

In the following tables, the relation between the temperature, 
pressure, density, volume, and mechanical effect of the vapour of 
water are given as determined by observation so far as the pressure 
of twenty-four atmospheres, and by analogy from that to the pressure 
of fifty atmospheres. 

Table I. 

Showing the Pressure, Volume, and Density of the Vapour of Water 
produced at the Temperatures expressed in the first Column, as 
-well as the mechanical Effect develcq)ed in the Process of JEJvapo^ 
ration. 



Temperature, 
Fahrenheit. 


Prefsure. 


Volume of 
Vapour contain- 
in? Unit of 
Volume of 
Water. 


Density of Vapour 
(Density of 
Water = 1). 


Mechanical 
Effect in Lba. 
raised 1 Foot. 


Inches of 
Mercury. 


Pounds per 
Square Inch. 


-40 
6 

14 
23 
82 
83*8 
35-6 


0052 
0-074 
0104 
0-144 
0199 
0-212 
0-226 


0-03 
004 
005 
007 
0-10 
010 
Oil 


650588 
470808 
34-2D84 
251358 
182323 
174495 
164332 


0'00000154 
•212 
292 
398 
540 
573 
609 


1395 
1423 
1451 
1480 
1483 
1514 
1519 
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1 


Yolune of 






Traperatare, 


Prenure* i 


Vapour contain* 
luf Uoit of 
Tolume of 


Deasitj of 7apov 
(Deaaityof 
Water »!}. 


Mecbaaleal 

EffMt in Lite. 


Fahrenheit. 


Inchtt of 


Pounds per 


raited 1 Foot. 




Mercury. 


Square Inch. 


Water. 






16»-80 


9-427 


4-68 


4967 


0-00020174 


1909 


161-6 


9-862 


4-88 


4769 


21013 


1915 


163-4 


10-293 


606 


4669 


21889 


1921 


166-2 


10-749 


6-27 


4387 


22794 


1926 


167 


11-223 


6-60 


4204 


23789 


1928 


168-8 


11-716 


6-74 


4048 


24702 


1037 


170-6 


12-224 


6-99 


3891 


25609 


1943 


172-4 


12-752 


6-26 


87^ 


26789 


1940 


174-2 


13-298 


6-62 


8699 


27789 


1965 


1T6 


13-862 


6-80 


8462 


28889 


1963 


177-8 


14-449 


7-08 


8331 


80025 


1966 


179-6 


16-066 


7-38 


8206 


81195 


1972 


181-4 


16-680 


7-69 


8087 


82399 


1977 


183-2 


16-328 


8-00 


2973 


83687 


1988 


186 


16-996 


8-33 


2864 


84916 


1969 


186-8 


17-688 


867 


9760 


86237 


1994 


188-6 


18-401 


9K)2 


2660 


87690 


aooo 


100-4 


19-138 


9-38 


2666 


38984 


2006 


192-2 


19-897 


9-76 


2474 


40417 


2011 


194 


20-680 


10-14 


2387 


41891 


2017 


196-8 


21-488 


10-53 


2304 


48405 


2023 


197-6 


22-321 


10-94 


2224 


44956 


2028 


199-4 


23-179 


11-36 


2148 


46566 


2084 


201-2 


24-062 


11-80 


2075 


48201 


2040 


208 


24-971 


12-24 


2005 


49886 


2046 


204^8 


26-908 


12-70 


1938 


61613 


2061 


206-6 


26-874 


1317 


1873 


63388 


2066 


208-4 


27-860 


13-66 


1812 


66191 


. 2062 


•210-2 


28-877 


14-16 


1761 


67056 


2066 


212 


29-921 


14-67 


1696 


68956 


2078 



Table II. 

Showing the Temperature, Volume, and Density of Vapour of 
Water, corresponding to Pressures of from 1 fo 50 Atmospheres. 

Prom 1 to 24: Atmospheres, obtained hy Observation. 
" 24 to 50 " " Analogy. 







Volume of 








Volume of 




Pretture, 
Atmo- 
sphere*. 


Tempe- 
rature, 
Fahrenheit. 


Vapour 
produced by 

Unit of 
Volume of 

Water. 


Density of 

Vapour 
(Density of 
Water =1). 


Pressure, 
Atmo- 
spheres. 


Tempe- 
rature, 
Fahrenheit. 


Vapour 
produced by 

Onit of 
Volume of 

Water. 


Density of 

Vapour 
(Density of 
Water =1). 


1 


212 


1696 


0-0005895 


13 


380-66 


163-74 


0H)06107 


li 


233-96 


1167-8 


8663 


14 


386-96 


163-10 


6627 


2 


250-52 


89709 


0-0011147 


16 


392-90 


144-00 


6944 


2i 


263-84 


731-39 


13673 


16 


398-48 


136-90 


7369 
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619-19 


16150 


17 


403-88 


128-71 


7760 


8i 


286-08 
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18589 


18 
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122-28 


8178 


4 


293-72 


476-26 
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19 


413-78 


116-51 


8583 


4# 


800-38 
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23410 


20 


418-46 
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8986 
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388-16 


25763 


21 


422-96 


106-53 


9387 
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814-24 
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28091 


22 
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102-19 


9786 
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320-36 


328-93 


80402 


23 


431-42 


98-21 


0K)10182 


H 


326-30 


305-98 


82683 


24 


435-56 


94-56 


10576 


7 


831-70 


286-12 


84911 


25 


439-34 


91-17 


10968 


n 


336-92 


268-82 


87217 


30 


457-16 


77-50 


12903 


8 


841-78 


263-59 


89434 


36 


472-64 


68-20 


14663 


9 


860-78 


227-98 


43865 


40 


486-50 


60-08 


16644 


10 


868-88 


207-36 


48226 


46 


499-10 


64-06 


18497 


11 


366-80 


190-27 


62557 


60 


610-62 


49-31 


20306 


12 

1 


87400 


175-96 


66834 
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1495. Vapour separated from a liquid may he dilated hy T^eat 
Uke any gaseous body. — In these tables the vaponr is considered as 
being in the state of the greatest density which is compatible with 
its temperature. It must be remembered that vapour separated from 
the liquid may, by receiving heat from any external source^ be raised 
like so much air, or other gaseous fluid, to any temperature whatever, 
and that the elevation of its temperature undet such circumstances 
is attended with the same effects as atmospheric air. If it be so 
confined as to be incapable of expansion, its pressure will be aug- 
mented a 7^^th part by each degree of temperature it receives ; and 
if it be capable of expanding under an uniform pressure, then its 
volume will be augmented in the same ratio. 

1496. PecuMar properties of superheated vapour. — ^Vapour which 
receives a supply of heat after it has been separated from the liquid, 
and which may therefore be denominated svperheated vapour, has 
some important properties which distinguish it from the vapour which 
proceeds directly from the liquid. 

The vapour which proceeds directly from a liquid by the process 
of evaporation, contains no more heat than is essential to its mainte- 
nance in the vaporous form. If it lose any portion of this heat, a 
part of it will become liquid ; and the more it loses the more will 
return to the liquid state, until, being deprived of all the heat which 
it had received in the process of evaporation, the whole of the vapour 
will become liquid. 

But^ in the case of superheated vapour, the effects are different. 
Such vapour may lose a part of its heat and still continue to be 
vapour. In &ct, no part of it can be reduced to the liquid state until 
it lose all the heat which had been imparted to it after evaporation. 

1497. Vapour cannot he reduced to the liquid state hy mere corn- 
pression, — ^It is sometimes affirmed that vapour may, by mere me- 
chanical compression, be reduced to the liquid state. This is an 
error. It is true neither in relation to vapour raised directly from 
liquids, nor of superheated vapour. 

1498. Vapour which has the greatest density due to its tempera- 
ture under any given pressure, will have the greatest density at all 
other pressures, provided it do not gain or lose heat while the pressure 
is changed. — If vapour raised directly from a liquid, at a6y proposed 
pressure, be, after separation from the liquid, either compressed into 
& diminished volume or allowed to expand into an increased volume, 
its temperature will be raised in the one case and lowered in the 
other; and, at the same time, its pressure will be augmented by the 
diminution and diminished by the augmentation of volume. It will 
be found; however,' that the temperature, pressure, and \obim^ '^n^ 
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in every case be exactly those which the vapour would have liad 
if it had been directly raised from the liquid at that temperature abd 
pressure. 

Thtis, the vapour raised from water at the temperature of 68^ has 
a volume 58224 times greater than the water that produced it (see 
Table I. p. 104.). Now let this vapour, being separated from' the 
water, be compressed until it be reduced to a volume which is only 
1696 times that of the water which produced it, and its temperature 
will rise to 212°, exactly that which it would have had if it had bean 
directly raised from the water under the increased pressure to which 
it has been subjected. 

In the same manner, whatever other pressure the vapotir may be 

' submitted to, it will still, after compression, continue to be vapour, 

and will be identical in temperature and volume with the vapour 

which would be raised from the same liquid directly if evaporated 

under the increased pressure. 

1499. Compression f<icilitates the abstraction of heat hy raising 
the temperature, and thus facilitates condensation. — Although mere 
compression cannot reduce any part of a volume of vapour to the 
liquid state, it will facilitate such a change by raising the tempera- 
ture of the vapour without augmenting the quantity of heat it con- 
tains, and thereby rendering it possible to abstract heat from it. 
Thus, for example, if a volume of vapour at the temperature of 32® 
be given, it may be difficult to convert any portion of it into a liquid, 
because heat cannot be easily abstracted fron^ that which has already 
a temperature so low. But if this vapour, by compression, and with- 
out receiving any accession of heat, be raised to the temperature of 
212°, it can easily be deprived of a part of its heat by planing it va 
contact with any conducting body at a lower temperature ; and the 
moment it loses any part of its heat, however snuill, a portion of it 
will be reduced to the liquid state. 

1500. Perm^aTient gases are superheated vapours, — ^It may be con- 
sidered as certain, that all that class of bodies which are denominated 
permanent gases are the superheated vapours of bodies which, under 
other thermal conditions, would be found in the liquid or solid state. 
It is easy to conceive a thermal condition of the globe, which would 
render it impossible that water should exist save in the state of 
vapour. This would be the case, for example, if the temperature 
of the atmosphere were 212° with its present pressure. A lower 
temperature, with the same pressure, would convert alcohol and ether 
into permanent gases. 

1501. Process hy which gases have been liquefied and soUdifved, 
— ^The numerous experiments by which many (^ the gases hitherto 



VAPORIZATION AND CONDENSATION. 109 

r^arded as permanent have been condensed and reduced to tbe 
liquid, and, in some cases, to the solid state, have further confirmed 
the inferences based on these physical analogies. The principle on 
which such experiments have in general been founded is, that if, by 
any means, the heat which a superheated vapour has received after 
having assumed the form of vapour can be taken from it, the con- 
densation of a part of it must necessarily attend any further loss of 
heat, since, by what has been explained, it will be apparent that no 
heat will remain in it except what is essential to its maintenance in 
the vaporous state. 

The gas which it is desired to condense is first submitted to severe 
compression, by which its temperature is raised either by diminishing 
its specific heat or by developing heat that was previously latent in 
it The compressed gas is at the same time surrounded by some 
'medium of the most extreme cold ; so that, as fast as heat is developed 
by compression, it is absorbed by the surrounding medium. 

When, by such means, all the heat by which the gas has been 
Burchai^ed has been abstracted, and when no heat remains save what 
is essential to the maintenance of the elastic state, the gas is in a 
thermal condition analogous to that of vapour which has been directly 
raised by. heat from a liquid, and which has not received any further 
supply of heat from any other source. It follows, therefore, that 
any further abstraction of heat must cause the condensation of & 
corresponding portion of the gas. 

1502. Gases which have been liquefied, — The following gases, 
being kept at the constant temperature of 32° by depriving them of 
heat as &st as their temperature was raised by compression, have 
been reduced to the liquid state. The pressures necessary to accom- 
plish this are here indicated : — 



NamM of Omm condensed. 



8iilphTixx>iu add 

Srsnogen gas 
jdriodio add 

Ammoniaoal gas .... 
Ujdrochlorio add .. 
Protoxide of azote . 
Carbonic add 



Preuure under which 
Condcantion took place. 



Atmospheres. 
1-6 
2-8 
4-0 
4-4 
8-0 
37-0 
39-0 



If these substances be regarded as liquids, the above pressures 
would be those under which they would vaporize at 32°. If they 
be regarded as vapours, they are the pressures under which they 
would be condensed at 32°. 

-M. Pouillet succeeded in condensing some of these gases at the 
following higher temperatures and greater pressures : — 
n. 10 
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Oas. 



Sulphurous acid.... 
Ammoniacal gas.... 
Protoxide of azote. 
Carbonic acid 



Temperature, 
FabreDbeil. 



460-4 
60 
61-8 
50 



Freesure, 
Atnotpberct. 



2-6 

5 
43 
45 



Hydrochloric acid has been reduced to a liquid at 50° under a 
pressure of 40 atmospheres. 

1503. Under extreme pressures, gases depart from the common, 
law of the density being proportional to the pressure. — In these ex- 
perimental researches, it has been found that when the gases are 
submitted to extreme compression, and deprived of a large portion 
of the surcharged heat, they begin to depart from the general law in 
virtue of which the density of gaseous bodies at the same tempera-, 
ture is proportional to the compressing force, and they are found to 
acquire a density greater than that which they would have under this 
general law. This would appear, therefore, as a departure from the 
law, preliminary to the final change from the gaseous to the liquid 
state ; and in this point of view, analogies have been observed which 
render it probable that the point of condensation of several of the 
gases not yet liquefied has been very nearly approached. 

Thus, it has been found that the density of several of them, 
among which may be mentioned light carburetted hydrogen and 
olefiant gas (heavy carburetted hydrogen), has been sensibly greater 
than that due to the compressing force under extreme degrees of 
compression. 

1504. State of elmllition, boiling point — If heat be continually 
imparted to a liquid, its temperature will be augmented, but will only 
rise to a certain point on the therm ometric scale. At that point it 
will remain stationary, until the whole of the liquid shall be converted 
into vapour. During this process, vapour will be formed in greater 
or less quantity throughout the entire volume of the liquid, but more 
abundantly at those parts to which the heat is applied. Thus if, as 
usually happens, the heat be applied at the bpttom of the vessel con- 
taining the liquid, the vapour will be formed there in large bubbles, 
and will rise to the surface, producing that agitation of the liquid 
which has been called boiling or ehullition. 

This limiting temperature is called the boiling point of the liquid. 
Different liquids boil at different temperatures. The boiling point 
of a liquid is therefore one of its specific characters. 

1505. Boiling point varies with the pressure. — Liquids in general 
being boiled in open vessels, are subject to the pressure of the atmo- 
sphere. If this pressure vary, as it does at different times and places, 
or if it be increased or diminished by artificial means^ the boiling 
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point will undergo a corresponding change. It will rise on the 
thermometric scale as the pressure to which the liquid is subject is 
increased^ and will fall as that pressure is diminished. 

The boiling point of water is 212°, when subject to a pressure 
expressed by a column of 30 inches of mercury. It is 185°, when 
subject to a pressure expressed by 17 inches of mercury. 

In general, the temperatures at which water would boil under the 
pressures expressed in the second column of the table (1494) are 
expressed in the £u:st column. 

1506. Experimental verification of this principle. — Let water at 
the temperature of 200°, for example, be placed in a glass vessel, 
under the receiver of an air-pump, and let the air be gradiwUy with- 
drawn. After a few strokes of the pump the water will boil ; and 
if. the gauge of the pump be observed, it will be found that its alti- 
tude will be about 23} inches. Thus, the pressure to which the 
water is submitted has been reduced from the ordinary pressure of 
the atmosphere to a diminished pressure expressed by 23} inches, and 
we find that the temperature at which the water boils has been 
lowered from 212° to 200°. Let the same experiment be repeated 
with water at the temperature of 180°, and it will be found that a 
further rarefaction of the air is necessary, but the water will at length 
boil. If the gauge of the pump be now observed, it will be found 
to stand at 15 inches, showing that at the temperature of 180° water 
will boil under half the ordinary pressure of the atmosphere. This 
experiment may be varied and repeated, and it will always be found 
that water will boil at that temperature which corresponds to the 
pressure given in the table. 

1507. At elevated stations water hails at low temperatures.-^lt is 
well known, that as we ascend in the atmosphere, the pressure is 
diminished in consequence of the quantity of air we leave below us, 
and that, consequently, the barometer falls. It follows, therefore, 
that at stations at different heights in the atmosphere, water will boil 
at different temperatures ; and that the boiling point at any given 
place must therefore depend on the elevation of that place above the 
surface of the sea. Hence the boiling point of water becomes an 
indication of the height of the station, or, in other words, an indica- 
tion of the atmospheric pressure, and thus the thermometer serves 
in some degree the purposes of a barometer. 

1508. Table of the boiling points of water at various places. — In 
the following table the various temperatures are shown at which 
water boils in the different places therein indicated. 
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1509. Latent heat of vapour. — When a liquid is coDverted into 
vapour, a certain quantity of heat is absorbed aad rendered latent in 
the Tapour. 

The vapour which proceeds from the liquid has the same tempera- 
ture as tha liquid. It can be shown, however, experimentally, that, 
weight for weighty it contains much more heat. To render this 
manifest, let a, Jig. 446., be a vessel coDtainiiig water, which is kept 
in the st&te of ebullition and at the temperature of 212° by means 
of a lamp, oi any other sonrce of heat. Let the steam be conducted 
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Fig. 446. 



by a pipe c to a vessel A, which con- 
tains a quantity of water at the tem- 
perafure of 32°. The steam issuing 
from the pipe is condensed by the cold 
water, and mixing with it, gradually 
raises its temperature until it attains 
the temperature of 212°, after which 
the steam ceases to be condensed, and 
escapes in bubbles at the surface, as 
common air would if driven into the 
water from the pipe. 
If the quantity of water in A be weighed before and after this 
process^ its weight will be found to be increased ;n the ratio of 11 
to 13. Thus 11 lbs. of water at 32°, mixed with 2 lbs. of water in 
the form of steam at 212°, have produced 13 lbs. of water at 212°, 
80 that the 2 lbs. of water which were introduced in the form of 
steam at 212° have been changed from the vaporous to the liquid 
state, retaining however their temperature of 212°, and have given 
to 11 lbs. of water which were previously in A at 32° as much heat 
as has been sufficient to raise that quantity to 212°. 

It follows, therefore, that any given weight of water in the form 
of steam at 212° contains as much heat latent in it as is sufficient to 
raise 6} times its own weight of water from 32° to 212°, that is, 
through 180° of the thermometric scale. 

If it be assumed that to raise a pound of water through 180° re- 
quires 180 times as much heat as to raise it one degree, it will follow 
that the quantity of latent heat contained in a pound of water in the 
form of steam at 212° is 5} x 180=990 times as much as would 
raise a pound of water through one degree. 

This fact is usually expressed by stating that steam at 212° con- 
tains 990° of latent heat. 

The same important fact can also be made manifest in the follow- 
ing manner. Let a lamp, or any source of heat which acts in a 
regular and uniform manner, be applied to a vessel containing any 
given quantity of water which is at 32° when the process commences, 
and let the time be observed which the lamp takes to raise the water 
to 212°. Let the lamp continue to act in the same uniform manner 
until all the water has been converted into steam, and it will be 
found that the time necessary for such complete evaporation will be 
exactly 5 J times that which was necessary to raise the water from 
the freezing to the boiling point. In a word, it will require 5i times 
as long an interval to convert any given quantity of water into steam 
as it will take to raise the same quantity of water, by the same source 
of heat, from the freezing to the boiling point ; and consequently it 
follows, that 5J times as much heat is absorbed in the evaporatiou 
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of water, as is necessary to raise it without evaporation through 180® 
of temperature. • 

1510. Different estimates of the latent heat of the vajpour of 
water. — Different experimental inquirers have estimated the heat 
rendered latent by water in the process of evaporation at 212° as 
follows : — 

Watt 950O 

Southern 945° 

Lavoisier 1000° 

Rumford 1004°-8 

Despreiz 955°-8 

Regnault 967°-5 

Favre and Silbermann 964°*8 

In round numbers, it may therefore be stated that as much heat is 
absorbed in converting a given quantity of water at 212° into steam 
as would be sufficient to raise the same quantity of water to the tem- 
perature of 1200° when not vaporized. 

1511. Seat absorbed in evaporation at different temperatures, — 
It was observed at an early epoch in the progress of discovery, that 
the heat absorbed in vaporization was less as the temperature of the 
vaporizing liquid was higher. Thus a given weight of water 
vaporized at 212°, absorbs less heat than would the same quantity 
vaporized at 180°. It was generally assumed that the increase of 
latent heat, for lower as compared with higher temperatures, was 
equal to the difference of the sensible heats, and consequently, that 
the latent heat added to the sensible heat, for the same liquid, must 
always produce the same sum. Thus, if water at 212° absorb in 
vaporization 950° of heat, water at 262° would only absorb 900°, 
and water at 162° would absorb 1000°. 

The simplicity of this result rendered it attractive, and, as the 
general result of experiments appeared to be in accordance with it, it 
was generally adopted. M. Regnault has, however, lately submitted 
the question, not only of the latent heat of steam, but also its pressure, 
temperature, and density, to a rigorous experimental investigation, 
and has obtained results entitled to more confidence, and which 
show that the sum of the latent and sensible heats is not rigorously 
constant. 

1512. Latent heat of vapour of water ascertained by Regnault 
— The pressures and densities obtained by M. Regnault are in accord- 
ance with those given in (1494). The latent heats are given in the 
following table, where T have given their sums, and shown what does 
not seem to have been hitherto noticed, that they increase by a con- 
stant difference 
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It appears, therefore, that the sum of the latent and sensible heats 
is not constant, but increases by a constant difference, — a difference 
however which, compared with the sum itself, is very small, and for 
limited ranges of the therm ometric scale, when extreme accuracy is 
not required, may be disregarded. (See Appendix.) 

1513. Latent heat of other vapours ascertained hy Favre and Sil- 
hermann. — The latent heat of the vapours of other liquids have been 
ascertained by MM. Favre and Silbermann, and are given, as well as 
the specific heats, in the following table : — 



Names of Substances. 



Water 

Carbnretted hydxt^n... 
IHtto 

Wood-spirit , 

Alcohol, absolute 

" Valerianic , 

** etbalic , 

Ether, sulphuric 

** Valerianic 

Acid, formic. 

** acetic 

" butyric 

" Valerianic 

Ether, acetic 

Butyrate of Methylene . 
Eseence of turpentine.. 

T6r6bene 

Oil of lemons 



Temperature. 


Specific Heat 


Latent Heat. 


o 
212 


1 


964-8 


392 


0-49 


108 


482 


0-60 


108 
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0-67 
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172-4 


0^64 
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0-61 


104-4 
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163-8 


236-3 
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1514. Condensation of vapour, — Since by continually imparting 
heat to any body in the liquid state it at length passes into the form 
of vapour, analogy suggests that by continually withdrawing heat 
from a body in the vaporous state, it must necessarily return to the 
liquid state, and this is accordingly generally true. The vapour being 
exposed to cold is deprived of a part of that heat which is necessary 
to sustain it in the aeriform state, and a part of it is accordingly re- 
stored to the liquid form, and this continues until by the continual 
abstraction of heat the whole of the vapour becomes liquid *, t»id ^% 
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a liquid, in passing to the vaporous form, undergoes an immense ex- 
pansion or increase of bulk, so a vapour in returning to the liquid 
form undergoes a corresponding and equal diminution of bulk. A 
cubic inch of water, transformed into steam at 212^, enlarges in 
magnitude to nearly 1700 cubic inches. The same steam being 
reconverted into water, by abstracting from it the heat communi- 
cated in its vaporization, will be restored to its former bulk, and 
will form one cubic inch of water at 212°. ^ Vapours arising from 
other liquids will undergo a like change, differing only in the-degree 
of diminution of volume which they suffer respectively. The dimi- 
nished space into which vapour is contracted when it passes into the 
liquid form, has caused this process to be called condensation, 

1515. Why vessels in which liquids are boiled are not destroyed 
hy extreme heat. — The absorption of heat in the process by which 
liquids are converted into vapour will explain why a vessel containing 
a liquid that is constantly exposed to the action of fire can never re- 
ceive such a degree of heat as would destroy it. A tin kettle, con- 
taining water may be exposed to the action of the most fierce furnace, 
and remain uninjured; but if it be exposed, without containing water, 
to the most moderate fire, it will soon be destroyed. The heat which 
the fire imparts to the kettle containing water, is immediately absorbed 
by the steam into which the water is converted. So long as water 
is contained in the vessel, this absorption of heat will continue ; but 
if any part of the vessel not containing water be exposed to the fire, 
the metal will be fused, and the vessel destroyed. 

1516. Uses of latent heat of steam in domestic economy, — The 
latent heat of steam may be used with convenience for many domestic 
purposes. In cookery, if the steam raised from boiling water be 
allowed to pass through meat or vegetables, it will be condensed upon 
their surface, imparting to them the latent heat which it contained 
before its condensation, and thus they will be as effectually boiled as 
if they were immersed in boiling water. 

1517. Method of warming dwelling-hxmses. — In dwelling-houses, 
where pipes convey cold water to different parts of the building, 
steam pipes carried through the building will enable hot water to be 
procured in every part of it with speed and facility. The cock of 
the steam pipe being immersed in a vessel containing cold water, the 
steam which escapes from it will be condensed by the water, which 
'receiving the latent heat will soon be raised to any required tempera- 
ture below the boiling point. Warm baths may thus be prepared in 
a few minutes, the water of which would require a long period to 
boil. 

• 

1518. Effects of the temperatures of different climates on certain 
liquids. — The variations of temperature incident to any part of the 
globe are included within narrow limits, and these limits determine 
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the bodies which are found to exist there most commonlj in the solid, 
liquid, or gaseous state. 

A body whose boiling point is below the lowest temperature of the 
climate must always -exist in the state of vapour or gas; and one 
whose point of fusion is above the highest temperature must always 
be solid. Bodies whose point of fusion is below the Jowest tempera- 
ture, while their boiling point is above the highest temperature, will 
be permanent liquids. A body whose point of fusion is a little 
above the lowest limit of the temperature, will exist generally 
as a liquid, but occasionally as a solid. Water in these climates is 
an example of this. A liquid, on the other hand, whose boiling 
point is a little below the highest limit of temperature, will generally 
exist in the liquid, but occasionally in the gaseous form. Ether in 
hot climates is an example of this, its boiling point being 98°. 

Some bodies are only permanently retained in the liquid state by 

the atmospheric pressure. Ether and alcohol are examples of these. 

If these liquids be placed under the receiver of an air-pump, and the 

•pressure of the air be partially removed, they will boil at the common 

temperature of the air. 
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1519. Good and had conductors. — ^When heat is imparted to one 
p>rt of any mass of matter, the temperature of that part is raised 
above that of the other parts. This inequality, however, is only 
temporary. The heat gradually diffuses itself from particle to par- 
ticle throughout the volume of the body, until a perfect equilibrium 
of temperature has been established. IHfferent bodies exhibit a dif- 
ferent &cility in this gradual transmission of heat. In sopue it passes 
more rapidly from the hotter to the colder parts than in others. Those 
bodies in whi<;)i it passes easily and rapidly, are good conductors. 
Those in which the temperature is equalized slowly, are had conductors. 
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Fig. 447. 

1520. EaypertmeffUal illustration of conduction. — Let A B,Jlg. 447., 
be a bar of metal having a large cavity formed at its extremity A, 
and having a series of smiJl cavities formed at equal di8tanc6^ through- 
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out its length at Ti, Tg, T3, &c. Let the bulbs of a series of thermo- 
meters be immersed in mercury in these cavities severally. These 
thermometers will all indicate the same temperature^ being that of 
the bar A B. 

Let the largo cavity A^ at the end of the bar, be filled with mer- 
cury at a high temperature, 400° for example. 

After the lapse of some minutes the thermometer T, willbegin to rise j 
after another interval the thermometer T, will begin to be affected; 
and the others, T3, T4, &c., will be successively affected in the same 
way ; but the thermometer Tj, by continuing to rise, will indicate a 
higher temperature than t,, and Tj a higher temperature than Ts, and 
so on. After the lapse of a considerable time, howevier, the thermo- 
meter Ti will become stationary. Soon afterwards Tj, having risen 
to the same point, will also become stationary; and, in the same 
manner, all the others having successively risen to the same point, 
will become stationary. 

If several bars of different substances of equal dimensions be sub- 
mitted to the same process, the ther- 
mometers will be more or less rapidly 
affected, according as they are' good 
or bad conductors. An apparatus by 
w^ich this is exhibited in a striking 
manner is represented in jig. 448. 
Fig. 448. A series of rods, of equal length 

and thickness, are inserted at the 
same depth in the side of a rectangular vessel, passing across the in- 
terior of the vessel to the opposite side. The rods, which are silver, 
copper, iron, glass, porcelain, wood, &c., are previously covered with 
a thin coating of wax, or any other substance which will melt at a 
low temperature. Boiling water or heated mercury is poured into 
the vessel, and imparts heat to those parts of the rods which extend 
across it. It is found that the heat^ as it passes by conduction along 
the rods, melts the wax from their surface. Those which are com- 
posed of the best conductors — silver, for example — will melt off the 
wax most rapidly; the less perfect conductors less rapidly; and on 
the rods composed of the most imperfectly conducting materials, such 
as glass or porcelain, the wax will not be melted beyond a very small 
distance from the point where the rod enters the vessel. 

1521. Table of conducting powers, — By experiments conducted 
on this principle, it has been found that the conducting powers of the 
subjoined substances are in the ratio here expressed, that of gold 




being 100. 



Gold 100-00 

Platinum 98-10 

Silver 97-30 

Copper 89-82 

Irou 37-41 

Zinc 36-37 



Tin 30-38 

Lead 17-96 

Marble 234 

Porcelain 1-22 

Brick earth 1*13 
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It is evident^ therefore, that metals are the best condactors of heat, 
and in general the metals which have the greatest specific gravity are 
the best conductors, as will appear by comparing the preceding num- 
bers with those given in the table of specific gravity (Hand-Book of 
Hydrostatics, &c., 782). It is also found that among woods, with 
some exceptions, the conducting power increases with the density. 
The c<mducting power of nut-wood, however, is greater than that of 
oak. 

Bodies of a porous, soft, or spongy texture, and more especially 
those of- a fibrous nature, such as wool, feathers, fur, hair, &c., are 
the worst conductors of heat. 

1522. lAquids and gases are non-conductors. — Liquids are almost 
absolute non-conductors. Let a tall narrow glass vessel having a 
oake of ice at the bottom be filled with strong alcohol at 32^. Let 
two thermometers be immersed in it, one near the surface, and the 
other at half the depth. If the alcohol be inflamed at the surface, 
the thermometer, near the surface will rise, but that which is at the 
middle of the depth will be scarcely afiected, and the ice at the bot- 
tom will not be cQssolved. (See Appendix.) 

Bodies in the gaseous state are pifobably still more imperfect con- 
ductors than liquids. 

1523. Temperature equalized in these hy circulation. — The equi- 
librium of temperature is, however, maintained in liquid and gaseous 
bodies by other principles, which are more prompt in their action 
than the conductibility even of the solids which possess that quality 
in the highest degree. When the strata of fluids, whether liquid or 
gaseous, are heated, they become l$y expansion relatively lighter than 
those around them. If they have any strata above them, which 
generally happens, they rise by their buoyancy, and the superior 
strata descend. There are thus two systems of currents established, 
one ascending and the other descending, by which the heat imparted 
to the fluid is diffused through the mass, and the temperature is 
equalized. 

1524. Condu^ng power diminished hy subdivision and pulveri- 
zation. — The conducting power of all bodies is diminished by pul- 
verizing them, or dividing them into fine filaments. Thus sawdust, 
when not too much compressed, is one of the most perfect non-con- 
ductors of heat. A casing of sawdust is found to be the most effec- 
tual method of preventing the escape of heat from the surface of 
steam boilers and steam pipes. 

If, however, the sawdust be either much compressed on the one 
hand, or too loosely applied on the other, it is not so perfect a non- 
conductor. In the one case, the particles being brought into closer 
contact, transmit heat from one to another ^ and, in the other case, 
the air circulating too freely among them, the currents are established 
by which the heat is diffused through the mass. 
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To produce, therefore, the most perfect non-eonduotor, the parta^ 
cles of the body must have naturally little couductibility, and they 
must be sufficiently compressed to prevent the circulation of ourrentp 
of air among them, and not sufficiently compressed to ^ve them a 
&cility of transmitting heat from particle to particle by contact. 

1525. Beautiful exa/mples of this prmGipU in the animal econO' 
my. — The animal economy presents numerous and beautiful exam- 
ples of the fulfilment of these conditions. It is generally neoessaiy 
to the well-being of the animal to have a temperature higher than 
that of the medium which it inhabits. In the animal organizatioiiy 
there is a principle by which heat is generated. This heat has a 
tendency to escape and to be dissipated at the sur&ce of the body, 
and the rate at which it is dissipated depends on the differenoe l]«- 
tween the temperature of the surface of the body and the tempeniF- 
ture of the surroundiug medium. If this difference were too grea^ 
the heat would be dissipated faster than it is generated, and a lods 
of heat would take place, which, being continued to a certain "fSSr 
treme, would destroy the animal. 

Nature has provided an expedient to prevent this, which varies in 
its efficiency according to the circumstances of the climate and the 
habits of the animal. 

1526. Uses of the plumage of birds. — The plumage of birds is 
composed of materials which are bad conductors of heat, and are iao 
disposed as to contain in their interstices a great quantity of air with- 
out leaving it space to circulate. For those species which inhabit 
the colder climates a still more effectual provision is made, for, under 
the ordinary plumage, which is adapted to resist the wind and rain, 
a still more fine and delicate down is found, which intercepts the 
heat which would otherwise escape through the coarser plumage. 
Perhaps the most perfect insulatqf of heat is swansdown. 

1527. The wool and fur of animals. — The wool and furof ani- 
mals are provisions obviously adapted to the same uses. They vary 
not only with the climate which the species inhabits, but in the same 
individual they change with the season. In warm climates the furs 
are in general coarse and sparse, while in cold countries they are finOi 
close, light, and of uniform texture, so as to be almost impermeable 
to heat. 

1528. The hark of vegetables. — The vegetable, not less than the 
animal kingdom, supplies striking illustrations of this principle. 
The bark, instead of being hard and compact, like the wood which 
it clothes, is porous, and in general formed of discontinuous laminae 
and fibres, and for the reasons already explained is a bad conductor 
of heat, and thus prevents such a loss of heat from the surface of the 
wood under it as would be injurious to the tree. 

A tree stripped of its bark perishes as an animal would if stripped 
of its fleece, or a bird of its plumage. 
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1529. Properties of the artificial clothing of man* — Man is en- 
dowed with Acuities whicli enable him to fabricate for himself cover- 
ing similar to that which nature has provided for other animals; and 
where his social condition is not sufficiently advanced for the accom- 
plishment of this, his object is attained by the conquest of inferior 
animals^ whose clothing he appropriates. 

Clothes are generally composed of some light non-conducting sub- 
stances which protect the body from the inclement heat or cold of 
the external air. In summer, clothing keeps the body cool ; in win- 
ter, warm. Woollen substances are worsp conductors of heat than 
cotton^ cotton than silk, and silk than linen. A flannel shirt more 
effectoally intercepts heat than cotton, and a cotton than a linen one. 

1530. Effects of snow on the soil in winter, — What the plumage 
does for the bird, wool for the animal, and clothing for the man, 
snow does in winter for the soil. The farmer and the gardener look 
with dismay at a hard and continued frost which is not preceded by 
a &11 of snow. The snow is nearly a non-conductor, and, when suf- 
ficiently deep, may be considered as absolutely so. The surface may 
therefore fall to a temperature greatly below 32^, but the bottom in 
contact with the vegetation of the soil does not share in this fall of 
temperature, remaining at 32^, a temperature at that season not in- 
compatible with the vegetable organization. Thus the roots and 
young shoots are protected from a destructive cold. 

1531. Matting upon exotics, — The gardener who rears exotic 
vegetables and fruit-trees protects them from the extreme cold of 
winter by coating them with straw, matting, moss,- and other fibrous 
materials which are non-conductors. 

1532. Method of preserving ice in hot. climates. — If we would 
preserve ice from dissolving, the most effectual means would be to 
wrap it in blankets. Ice-houses may be advantageously surrounded 
with sawdust, which keeps them cold by excluding the beat, by the 
same property in virtue of which it keeps steam-boilers warm by 
including the heat. 

Air being a bad conductor of heat, ice-houses are sometimes con- 
Btructed with double walls, having a space between them. This 
expedient is stiH more efiectual, if the space be filled with loose saw- 
dust. 

1533. Glass and porcelain vessels^ why hrohen hy hot water. — 
Glass and porcelain are slow conductors of heat, which explains the 
fact that vessels of this material are so often broken by suddenly 
pouring hot water into them. If it be poured into a glass tumbler, 
the bottom, with which the water first comes in contact, expands, but 
the heat not passing freely to the upper part, this expansion is limited 
to the bottom, which is thus forced from the upper part and a crack 
is produced. 

II. 11 
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1534. Wine-coolers, — When wine-coolers hi^ve a doal^e ca^ng, 
tihe external space is filled with a non-conductor. 

1535. A heated ghbe cooU inwards, — When a solid bpdj^ a globe 
for example, is heated at the surface, the heat paa^ gra^oaUj from 
the surface to the centre. The temperature of th^ svperfioial st^tvm 
is greater, and the temperature of the centre less than those of the 
intermediate parts, and the temperature of the su,ccessi?e ajtraia i^re « 
gradually less proceeding from the surface to the centre. 

But if the glohe be previously heate(L so as to have an uni&rm 
temperature from the centre to the suri(ac.e, and be allowed to cool 
gradually, the superficial stratum will first fiaJl some degrees below the 
stratum within it. This latter will fall below the next stratum pror 
oeeding inwards ; and in the same way each successive stratu/od pro- 
ceeding from the surface to the centre will attain a temperature \ 
little lower than the stratum under it, the temperatures augmenting 
firom the surface to the centre. 

After an interval of greater or less duration according to the mag- 
nitude of the globe, the conductibility and specific heat of the ipattiet 
of which it is composed, the temperature to which it had b^ liiisedf 
and the temperature of the medium, it will be reduced to an uniform 
temperature, which will be that of the surrounding medium. 

1536. Example of fluid metal cast in sphencal mouM.—lf a 
mass of fluid metal be cast in a spherical mould, the sur&ce only 
will be solidified in the first instance. It will become a spherical 
shell, filled with liquid metal. As the cooling proceeds, the shell 
will thicken, and after an interval of time, the length of which will 
depend on the circumstances above mentioned^ the ball will become 
solid to its very centre, the last portion solidified being that part of 
the metal which is at and immediately around the centire. 

It is evident that the superficial stratum will first cease to be incan- 
descent; and in the same way each successive stratum proceeding 
from the surface to the centre wUl cease to be incandescent hefora 
the stratum within it. 

K in the process of cooling, and after the globe ceases to be red 
hot, it were cut through the centre, it would be found that the cen- 
tral parts would be sdll incandescent ; and if its magnitude were 
sufficiently considerable, it would be found that even after the super- 
ficial stratum had been reduced to a moderate temperature, strata 
nearer the centre would be red hot, and the central part still fluid. 

1537. Cooling process m>ay he indefinitely protracted, — ^The in- 
terval which must elapse before the thermal equilibrium would be 
established, might be hours, days, weeks, months, years, or even a 
long succession of ages, according to the magnitude and physical 
qualities of the material composing the globe. 

1538. Example of the castings of the hydraulic press, which 
raised the Britannia Bridge. — The cylinder of the hydraulic press 
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i>y iriiich flie tabes of the Britannia bridge weris eleyated was formed 
of a mass of flmd iron weighing 22 tons. This enormous casting, 
after being left in the mould for thr^e days and nights, was still red 
hot at the surface. After standing to cool in the open air for ten 
days, it was stiU so hot that it could only be approached by men well 
inured to heat 

1539. Example of streams of volcanic lava. — ^The torrents of 
liquid lava which flow from yolcanoes become solid on their external 
sur^e only to a certain thickness. The laya in the interior of this 
shell still continues fluid. The stream of lava thus forms a vast tube, 
within which that portion of the lava still liquid flows for a long 
period of time. Months and even years- sometimes elapse, before 
the thermal equilibrium of these volcanic masses is established. 

1540. Hxamjple of the eartA itself. — The globe of the earth itself 
piresents a stupendous example of the play of these principles. The 
vidssitudes of temperature incidental to the surface extend to an in- 
considerable depth. At. the depth of an hundred feet in our climates, 
they are oompletely effiused. At this depth, the thermometer no 
longer yaries with the seasons. In the rigour of winter, and the 
ardour of summer, it stands at the same point. This stratum, which 
is called the first stratum of invariable temperature, is found to be at 
Paris at the. depth of 88*6 feet. The thermometer in the vaults 
under the Observatory at that depth has continued without variation 
at ll°-82 oent.=53^-50 Fahr. for nearly two centuries. 

1541. Temjperature increases with the depth. — At greater depths 
the temperature increases, but is always invariable for the same 
depth. An increase of temperature takes place in descending, at 
the rate of one degree for every 54^ feet of depth. Thus the water 
which issues from the artesian wells at Grenelle near Paris, and 
which rises firom a depth of 1800 feet, has a constant temperature 
of 27^.7 cent. =82° Fahr. 

It is apparent that the earth is a globe undergoing the gradual 
process of cooling, and that each stratum proceeding inwards towards 
the centre augments in temperature. It follows, therefore, that a 
part at least of the superficial heat of the earth proceeds froi^ within. 
It i^ certain, nevertheless, by taking into account all the conditions 
of the question, that the cooling goes on so slowly, as to have no 
sensible influence on the temperature at the surface, which is there- 
fore governed by the solar heat, and the heat of the medium or space 
in wnioh our globe, in common with the other planets, moves. It 
has been computed that the quantity of central heat which reaches 
the surface in a year would not suffice to dissolve a cake of ice a 
quarter of an inch thick. 

1542. The earth was formerly in a state of fusion, and it is still 
cooling. — The globe of the earth therefore manifesting the effects of 
a mass which, having been at some antecedent period at an elevated 
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temperature, is undergoing the process of gradually cooling from Uie 
surface in^^trds, it is probable that its central parts may be still in a 
state of incandescence or fusion. 
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1543. Heat radiates like light, — Heat, like light, is propagated 
through space by radiation in straight lines, and its rays, like those 
of light, are subject to transmission, reflection, and absorption by 
such bodies as they encounter in various degrees. 

All that has been explained (Hand-Book of Optics, 896, et seq.) 
respecting the reflection of light from unpolished, perfectly and im- 
peHectly polished surfaces, its refraction by transparent media, its 
interference, inflexion, and polarization, may, with little modification, 
be applied to the rays of heat submitted to like conditions. 

1544. Thermal analysis of solar light, — It has been already 
shown that solar light is a compound principle, consisting of rays 
diflering one from another, not only in their luminous qualities of 
colour and brightness, but also in their thermal and chemical pro- 
perties (1076, et seq,). 

Let s s. Jig. 449., represent a pencil of solar light transmitted 
through a prism A B o, so as to be resolved into a divergent fan of 




Fig. 449. 

rays, and to form a spectrum as described in (1053) et seq. Let L 
and l' be the limits of the luminous spectrum. If the bulb of a 
thermometer be placed at L, it will not indicate any elevation of 
temperature ; and if it be gradually moved downwards along the spec- 
trum, it will not begin to be sensibly afiected until it arrives at the 
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boandary of the violet and blae spaces, where it will show an in- 
creased temperature. As it is moved downwards from this point, 
the temperature will continue to increase until it is brought to the 
lower extremity il of the luminous spectrum. If it be then removed 
below this point, instead of falling to the temperature of the medium 
around the spectrum, as might oe expected, and as would in fact 
happen if no rays of heat transmitted through the prism passed 
below l', it will descend slowly and gradually, and will in some oases 
even show an increased temperature to a certain small distance 
below l'. In fine, it will be found that the thermometer will not 
fidl to the temperature of the surrounding medium until it arrives 
at a certain distance h' below l', the extremity of the luminous 
spectrum. 

1545. Thermcd 9d(ut rays differenUy refrangible. — From this 
and other similar experiments, it is inferred that thermal rays which 
are not luminous, or at least not sensibly so, enter into the composi- 
ticm of solar light, and Ihat these rays are differently refrangible, 
their mean re&angibili<y being less than the mean refrangibility of 
the luminous rays. 

It has been explained (1077) that the chemical rays which enter 
into the composition of solar light are also differently refrangible, 
and have a mean refrangibility greater than that of the luminous 
rays. 

1546. Physical analysis of solar light — Three spectra, — ^Accord- 
ing to this view of the constitution of solar light, the prism a b o 
must be regarded as producing three spectra, a chemical spectrum 
oc/, a luminous spectrum ll', and a thermal spectrum h h'. The 
luminous or chromatic spectrum, the only one visible, lies between, 
and is partly overlaid by, the other two, the chemical spectrum ex- 
tending a Httle above, and the thermal a little below it. If we 
imagine a screen mn placed before the prism, composed of a material ' 
pervious to the luminous, but impervious to the chemical and thermal 
rays, then the luminous spectrum ll' alone will remain, and neither 
a thermometer nor the chloride of silver, nor any other chemical 
substance, will be affected when exposed in it. If the screen m n 
be pervious only to the thermal rays, then the luminous and chemical 
rays will be intercepted, and the thermal spectrum h h' alone will 
be manifested. The thermometer exposed in it will indicate the 
variations of caloric influence already explained, showing the greatest 
thermal intensity at or near that point at which the red extremity 
of the luminous spectrum would have been found, had the luminous 
rays not been intercepted. 

1647. Relative refrangibility of the constituents of solar light vary . 
with the ref raiding medium, — If prisms composed of different ma- 
terials be used, it will be found that the mean refrangibility of the 
thermal rays will vary according to the material of the prism. «si<l 
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heat; coDseqaently^ the position of the point of greatest thermal in- 
tensity will be subject to a like variation. 

If a hollow prism be filled with water or alcohol, the point of 
greatest thermal intensity will be about the middle of the yellow 
space of the luminous spectrum. If a prism of sulphuric acid, or a 
solution of corrosive sublimate, be used, it will be in the orange space. 
With a crown glass prism it will be in the red space ; and with one 
of flint glass, a little below that space. 

1548. Invisible rays may he luminous^ and all rays may he 
thermal, — In the preceding explanation, the solar light is regarded as 
consisting of three distinct species of rays, the chemical, the lumi- 
nous, and the thermal. It is not necessary, however, for the expla- 
nation of these phenomena, to adopt this hypothesis. The light may 
be considered as consisting of rays which, differing in refrangibility, 
possess the other physical qualities also in dififerent degrees. So far 
as the sensibility of thermometers enables us to detect the thermal 
property, it ceases to exist at a certain point, h, near the boundary 
of the blue and violet spaces ; but the diminution cff thermal intens- 
ity, in approaching this point, as indicated by the thermometer, is 
very gradual ; and it cannot be denied, that a thermal influence may 
exist above that point, which is, nevertheless, too feeble to aflect the 
thermoscopic tests which are used. In the same manner it may be 
maintained, that a chemical influence may exist below the point (/, 
but too feeble to aflect any of the tests which have been applied to it. 

But it may be asked, if all the component rays possess all the pro- 
perties in different degrees, how happens it that the chemical rays 
above l, and the thermal rays below l', are not visible ? To this it 
may be answered, that the presence of the luminous quality is deter- 
mined by its eflects on the- eye ; and the discovery of its presence 
must therefore depend on the sensibility of that organ. To pronounce 
that there are no luminous rays beyond the limits of the chromatic 
spectrum, would be equivalent to declaring the sensibility of the eye 
to be unlimited. Now, it is notorious that the sensibility of sight, 
in diflerent persons, is diflerent ; and, even in the same individual, 
varies at diflerent times. Circumstances render it highly probable 
that many inferior animals have a sensation of light, and a perception 
of visible objects, where the human eye has none; and it is therefore 
consistent with analogy to admit the possibility, if not the probability, 
that the invisible thermal rays below l', and the in\'isible chemical 
rays above L, may be of the same nature as the other rays of the 
spectrum, all enjoying the luminous, thermal, and chemical properties 
in common, the apparent absence of these properties in the extreme 
rays being ascribable solely to the want of suflScient sensibility in the 
only tests of their presence which we possess. 

Fortunately, however, the deductions of physical science, though 
tl^ey may be facilitated by these and other hypotheses, are not de- 
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pendent on them^ but on observed facts and phenomena, and cannot, 
oonseqnently, be shaken by the failure of such theories. 

1549. Refraxtixm of invisible thermal rays. — ft a hole be made 
in the screen upon which the prismatic spectrum is thrown, in the 
space l' h' below the red extremity of the spectrum upon which the 
invisible thermal rays fall, these rays will pass through it, and may 
be submitted to all the experiments on reflection, refraction, inflexion, 
interference, and polarization, which have been explained in relation 
to light. This has been done, and they have been found to manifest 
effects similar to those exhibited by luminous rays. 

1550. HeaJt radiated from each point on the swrfoice of a hody, — 
It has been shown (902, et seq.) that when a body is either luminous, 
like the sun, or illuminated, like the moon, each point upon its sur- 
face is an independent centre of radiation ox focus, from which rays 
of light diverge or radiate in all directions. It is the same with re- 
gard to heat. All bodies, whatever be their state or condition, con- 
tain more or less of this physical principle ; and rays of heat accord- 
ingly issue from every point \ipon their surface, as from a focus, and 
diverge or radiate in all directions through the surrounding space. 

155J[. TFAy bodies are not therefore indefinitely cooled. — This 
being the case, it would follow that by such continual and unlimited 
radiation, bodies would gradually lose their heat, and indefinitely fall 
in temperature. It must be considered, however, that such radiation 
being universal, each body, while it thus radiates heat, receives upon 
its surface the rays of heat which proceed from other bodies around 
it So many of these rays as it absorbs tend to increase its tempera- 
ture, and to replace the heat dispersed by its own radiation. There 
is thus between body and body a continual interchange of heat by 
radiation ; and according as this interchange is equal or unequal, the 
temperature of the radiating body will rise or fall. If it radiate 
more than it absorbs, it will fall ; if less, it will rise. If it absorb 
as much exactly as it radiates, its temperature will be maintained 
stationary. 

1552. Radiation is superfi/yiaJ, or nearly so. — Radiation takes 
place altogether from points either on the surface or at a very small 
depth below it. The circumstances which aflect it have been made 
manifest by a beautiful series of experiments made by the late Sir 
John Leslie. The principles on which his mode of experimenting 
was founded, are easily explained. 

1553. Reflection of heat — Let a cubical canister of im,fig. 450., 
be placed in the axis of a parabolic metallic reflector m, in the focus 
/of which is placed the bulb of a sensitive differential thermometer. 
If the canister be placed with one of its sides at right angles to the 
axis of the reflector, and be filled with boiling water, the thermometer 
wilLJnstantly show an increase of temperature caused by the heat 
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radiated from the surface of the canister^ and collected into a foots 
upon the ball by the reflector. 

The experiment maj bo vluied by 
I filling the canister with liquids at 

I* ,*---^\m ^^^ temperatures, with dtiow and 

rjY=|^^^,^- qA\ with freezing mixtures haying ya- 

[* *^'~~ 1^ Pa rious degrees of artiifcial cold. The 

surface of the canister may be ya- 
ried in material by attaching to it 
different substances, such as paperi 
metallic foil, glass, porcelain, ae. It 
may be varied in texture by render- 
Fig. 450. ' ing it rough or sniooth, and in 

colour by any colouring matter. 
In this way the influence of all these physical conditions upbn the 
radiation from the surface may be, and has been, ascertained. 

The results of such experimental researches have been briefly as 
follows :-r- 

1554. Hate o/ radiation proportional to excess of temperatwre of 
radiator above surrounding medium, — The rate at Which the radiat- 
ing body loses or gains temperature, other things being the same, is 
proportional to the difference between its own temperature and that 
of the surrounding medium, where this difference is not of very ex- 
treme amount. 

1555. Intensity inversely as square of distance. — The intensity 
of the heat radiated is, like that of light, other things being the 
same, inversely as the square of the distance from the centre of 
radiation (907). 

\bb^. Influence of surface on radiating power, — The radiating 
power varies with the nature of the surface, and its degree oi polish 
or roughness. 

In general, the more polished a surface is, the less will be its ra- 
diation. Whatever tarnishes or roughens the surface of metal in- 
creases its radiation. (See Appendix.) 

Metallic are in general less powerful radiators than non-metallic 
surfaces. 

1557. Reflection of heat. — When the rays of heat encounter any 
surface, they are more or less reflected from it. Surfaces, therefore, 
in relation to heat, are perfiect or imperfect, good or bad reflectors. 

In the experiments above described, the reflecting powers of diffe- 
rent surfaces were ascertained by constructing the concave reflector M 
of different materials, or by coating its surface variously, or, in fine, 
by submitting its surface to any desired physical conditions. Thus, 
when a reflector of glass is substituted for one of metal, the radiating 
surface of the canister remaining the same, it is found that the effect 
on the thermometer is diminished. Glass is therefore a less perfect 
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nflectoi than mebd. If the snr&ce (^ the leflector be coattiil with 
lampblack, no e^ct wEiatever is produced on the thermometer. Such 
a snrface does not, therefore, reflect the thermal rays. 

1558. Absorption of heat. — To determine the physical cooditiona 
which afiect the absorbing power of a surface, it is only necessaty, 
in the experiment above described, to tstj the surface of the ball 
^of the thermometerj which is placed in the focus of the reflector, for, 
as the heat is radiated b; c and reflected bj m, it is absorbed \>y f. 

B; coating the ball of the tliermometer, therefore, with metallic 
finl, paper, lampblack, and other substanoes, and bj rendering it in 
TariooB degrees rough and smooth, the effects of these modificationa 
on the thermometer are rendered manifest, and the comparatife 
absorbing poweiis are ascertained. 

Li this waj it has been ascertained that the same physical coadi- 
tioDS which increase the radiation and diminish the reflection, increase 
tfie ahsorplioQ. The best radiators are the most powerful absorbers 
and tlie m<nt imperfect reflectors. (See Appendix.) 

1559. Tabular statement of radiating and reflecting powers. — 
The relatiye radiating, absorbing, and reflecting powers of various 
Bnr&ces have been submitted to a still more rigorous analysis by M. 
MeBoni, whose researches were greatly favoured by the floe climate 
of Naples, where they were principally made. The results are given 
in tho following table, in the flrst column of which the numbers 
fizpresB the radiating and absorbing powers, that of a surface covered 
witii the smoke of a lamp being expressed by 100. The absorbing 
power of this surfao^ is complete. The reflecting power is, as wiU 
tie observed, the complement of the absorbing power. 

Table thiyaing ike ahwrhing and reflectiny Potcerg of varkiut 
Surface*, according to the IkrperimenU of Mclloni. 
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156(). Singular anorhalv in die tefledicm fr&nt rfietoMi ^Alrfcus^, 
— ^The numbers ^ven in this td;ble, i;rhic1i wUl be observed to differ 
considerably from those determined by Leslie and oliiiers^ ^^yp. beeii 
obtained by the recent elaboirate expeiimental researches of MM. de 
la ProYOstaye and Desains. In these experimenlB ah anoAudotts 
circumstance was observed oti vilrying the angle bf inddence of the 
thermal rays. It was found th&t, in the cade of gladd^ the prbpotfion 
of rays reflected increieised tnth the angle of incidence, as happens 
with luminous rays, but that with polished metallic silrfaoe^, the esane 
proportion was reflected at all incidences tip to 70^, and beycfiid this 
limit the proportion reflected, instead of mcteading, as would haVe 
been expected, was greatly diminished. (See Appehdit.) 

1561. , Thermal equilibrium maintained hv the intehihange of 
heat hy radiation and absorption, — From all that has be^ lEiere 
explained it will be apparent that the state of thermal equilibrium 
is maintained among any system of bodies by a continual interohanfle 
of heat by radiation and absorption. The heat which each body 
receives from others in its presence, it partly absorbs and partilj 
reflects. Those rays which it absorbs tend to raise its temperature; 
and this temperatore would soon rise above that which the thermal 
equilibrium requires, but that the body radiates heat from all poiqtB 
of its sur&ce ; and the total quantity thus radiated is equal to the 
total quantity absorbed. If either of these quantities were permar 
nently greater or less than the other, the temperature of the body 
would either indefinitely rise, or indefinitely fall, according as the 
heat absorbed or radiated might be in excess. 

If a body, at any given temperature, be placed among other bodiesy 
it will immediately affect them thermally, just as a candle brought 
into a room illuminates all bodies in its presence, with this difference, 
however, that if the candle be extinguished, no more light is diflused 
by it; but no body can be thermally extinguished. All bodies, 
however low be their temperature, contain heat, and therefore 
radiate it. 

1562. Urroneous hypothesis of radiation of cold, — ^If a ball of ice 
be brought into the presence of a thermometer, the thermometer will 
fall ; and hence it was erroneously inferred that the ice emitted rays 
of cold. The effect, however, is otherwise explained. The ice and 
the ball of the thermometer both radiate heat, and each absorbs 
more or less of what the other radiates towards it. But the ice being 
at a lower temperature than the thermometer, radiates less than the 
thermometer, and therefore the thermometer absorbs less than the 
ice, and consequently falls. 

If the thermometer placed in presence of the ice had been at a 
lower temperature than the ice, it would, for like reasons, have risen. 
The ice in that case would have warmed the thermometer. 



RAWinON. 



181 



1568. TVantmumon of heal. — ^When n.ja of he&t an iooidant on 
die snrfiuKS of certain media, they penetarate them iq giwter or lew 
qnuiti^, Booording to the natora ana properties of the medium, jnst 
as nyi of light pass through hpdies whidi are more or lets transpa- 
rent or diaphanouB. 

Media which are pervious to heat are said to be dia^iermofMm, 
and those which are impervious are ca,lled aihermawmi. 

Bodies are diathermanous io different deerees, or altogether ather- 
maaouB, aoocnditig to their vviona phjaical characters, ^eir thick> 
nesfl, the tiato of their sur&ce, the nature of the haat which is 
inrndent upon them, and other oouditions. 

1564. Mdlimi'i AermoKopic apparatus. — Nearly all the know- 
ledge we possess in this branch of the physics of heat is the result of 
the rec^ researches of M. Melkrni. The thermoecopic apparatus 
ooDtrived uid applied wi^ singolar felicity .and anccess by him, oon- 
^sted of a thermo-galvanio pile acting upon a highly sensitiv* 
nlTsnometer. It will he explained hereafter that if the thermal 
eqailibrinm be disturbed in certain metallio combinations, an eleotrio 
onrrent wiU be produced, the intensity pf which will be proportional 
ip the difference, pf tenipera^ire produced, and tb^t the force of such 
a current can be measured by th^ deyjation it produces in a maguedq 
needle, round whi«h it is condutfted spirally upon a cojl of metallio 
wire coated wit^ a noBrCondnct- 
inganhstance. 

The general form and ar- 
rangement of this appa^ua, 
ana the maauer of applyidg it 
to thermal researches, are re- 
presented in fo«. 451., 452~ 
453., and 454. 

Upon the stand- s. is. placed 
the source of heat which is sub- 
mitted to experiment. Those 
which M. Mellooi selected 
were a lamp L, with a oonoTO , 
reflector (; a spiral wire rf 
platinum h, Jig. 452. , rendered 
incandescent by the flame of a. 
spirit-lamp; a plate of copper 
I, Jiff. 453., blackened with 
smoke, and raised to the tem- 
perature of 700° by a spirit- 
lamp; and, in. fine, a cnoioal 
canister k. Jiff. 454., umilar tg 
those used by Leslie. 
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Fig. 452. 



Fig. 453. 
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On the stand t was placed the body x^ through which the rays of 
beat were to be transmitted, and which was formed into a thin plate. 
An athermanous screen /was interposed, haying in it an aperture to 
limit the pencil of rays transmitted to x. Another athermanous 
screen was placed at c, movable upon a joint by which the pencil pro- 
ceeding from the lamp could be intercepted or transmitted at pleasure. 

The thermo-voltaic pile was placed hip, having one end presented 
to the thermal pencil, and movable in a case fitting it, in which it 
was capable of sliding. Its poles p and n were connected by con- 
ducting wires with the galvanometer, the needle of which indicated 
by its deflection the intensity of the heat hj which the pile^ was 
affected. 

1565. Results of Mdloni's researches, — ^The series of experiments 
madp with this apparatus gave the remarkable, and in many respects 
unexpected, results which we shall now briefly state. 

The only substance found to be perfectly diathermanous was rock- 
salt* Plates of this crystal transmit nearly all the heat which enters 
them, no matter from what source. Of the incident rays 7*7 per 
cent, are reflected from both surfaces of the plate, and the whole of 
the remaining 92-3 per cent, are transmitted. There is no absorption. 

Bodies in genend are less athermanous the higher the tempera- 
ture of the radiator. 

1566. Transparent media not proportionally diathermanous, — 
Media are not diathermanous in proportion as they are transparent. 
On the contrary, certain media which are nearly opaque are highly 
diathermanous, while others which are highly transparent are nearly 
athermanous. Thus, black glass and plates of smoked quartz so 
opaque that the disk of the sun in the meridian is barely visible 
through them, are much more diathermanous than plates of alum, 
which are very transparent ; and plates of quartz smoked to opacity 
are more diathermanous than when clean and transparent. In like 
manner, black glass is more diathermanous than colourless glass. 

1567. Decomposition of heat hy absorption. — ^The thermal pencil 
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is composed of rays, some of which are absorbed^ and othen trans- 
mitted by certain media. This effect is altogether analogons to that 
which is produced bj coloured media on light. If a pencil of solar 
light be incident upon red glass, the red rays alone will be trans- 
mittedy those of the other colours being absorbed; but if the red 
light transmitted through such a plate be received upon a second red 
plate, there will be no further absorption, at least so far as depends 
on the colour of the light. In like manner, when a thermal pencil 
enters certain diathermanous media, a part of its rays are intercepted, 
others being transmitted. If these last be received upon another 
plate of the same diathermanous substance; they will pass freely 
through it without further absorption. 

It is therefore inferred that such a medium decomposes by absorp- 
tion the thermal pencil, in the same manner as a coloured transparent 
medium decomposes by absorption a pencil of white light. This 
inference is confirmed by the £EU!t that different partially diatherma- 
nooB media absorb different constituents of the thermal pencil. Thus 
we may cause its entire absorption by causing it successively to pass 
through two media, each of which absorbs the rays transmissible by 
the other. 

This is also analogous to the efiects of coloured transparent media 
upon luminous pencils. If a pencil of solar light be successively 
incident upon two plates, one of red and the other of the comple- 
mentary tint of bluishrgreen, it will be wholly absorbed, the second 
plate absorbing all the rays transmitted by the first. 

1568. Absorption not suj)erfictalf htU limited to a certain depth, 
— ^The partial absorption produced by such imperfectly diathermanous 
media is not effected at the surface. The rays are absorbed gradually 
as they pass through the medium. This, however, is not continuaL 
All absorption ceases after they have passed through a certain thick- 
ness, and the rays transmitted by a plate of that thickness would, in 
passing through a second plate of the same substance, undergo no 
further absorption. 

Glass and rock crystal are each partially diathermanous, the ther- 
mal rays transmitted and absorbed however being different. If a 
tiiermal pencil pass through a plate of glass of a certain thickness, 
a part of the rays composing it will be absorbed. If the rays trans- 
mitted be received on another similar plate of glass, they will be all 
or nearly all transmitted, no further absorption taking place. But 
if these rays thus transmitted by the glass be received upon a plate 
of rock crystal of sufficient thickness, a portion of them will be ab- 
sorbed. Now if the glass and the rock crystal had each the power 
of absorbing the rays transmitted by the other, their combination 
would be absolutely athermanous, just as two plates of coloured glass 
would be opaque, if each transmitted only the colours complementaij 
to those transmitted by the other. 

n. 12 
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1669. Physical conditions of dtathermdntsm. — It appears from 
the researches of Melloni^ that the physical conditions which render 
bodies more or less diathermanous have no connection with those 
which affect their transparency. Water is one of the least diather- 
manous substances, although its transparency is so nearly perfect. 
If; therefore, it be desired to transmit light without heat, or with 
greatly diminished heat, it- is only necessary to let the rays pass 
through water, by which they will be strained of a great part of their 
heat. 

If the quantity of radiant heat transmitted through air be ex- 
pressed by 100, the following numbers will express the quantity 
transmitt^ through an equal thickness of the substances named below. 



Air 100 

Rocksalt (transparent) 92 

Flint glass 67 

Bisulphuret of carbon 63 

Calcareous spar (transparent) 62 

Book crystal 62 

Topaz, brown 57 

Grown glass 49 

Oil of turpentine 31 



Rape oil 30 

Tourmaline (green) 27 

Sulphuric ether 21 

Gypsum 20 

Sulphuric acid 17 

Nitric acid / 15 

Alcohol 15 

Alum crystals 12 

Water 11 



It appears, therefore, that of all solid bodies rocksalt is the most 
diathermanous, and alum the least so. Of all liquids, bisulphuret 
of carbon is the most, and water the least, diathermanous. 

It is evident from this table, that bodies are not diathermanous 
and transparent in the same degree. Bocksalt is less transparent but 
more diathermanous than glass. 

It has been found that the power of thermal rays to penetrate an 
imperfectly diathermanous body is augmented by raising the tempera- 
ture of the radiator. This is rendered very apparent in the case of 
glass, which is much more diathermanous to heat radiated by a body 
at a very high than by one at a moderate temperature. This may 
explain the fact that bodies in general are more diathermanous to 
solar light than to light proceeding from artificial sources. 

It is fodnd that heat radiated by bodies which are in a state of 
ignition or incandescence penetrate diathermanous media more freely 
than those radiated by bodies which are not luminous. This is in 
accordance with the general principle already stated, that thermal 
rays penetrate diathermanous bodies more easily the higher is the 
temperature of the radiator. (See Appendix.) 

Experiments on the thermal analysis of solar light were made by 
transmitting a pencil of solar light, either obtained directly or by re- 
flection, through the aperture in the screen/, Jig. 451. 

1570. Refraction, reflection, and polarization of heat. — ^Experi- 
ments ,on the refraction, reflection, and polarization of heat were made, 
by placing on the stand T,Jig. 451,, prisms of various materials, re- 
flecting surfaces, polariscopes, or doubly refracting crystals. The 
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ihermofleopio apparatus was in eaoh case placed in such a position as 
to receire the deflected thermal pencil. 

In this manner pencils of heat proceeding from various sources were 
submitted to the same effects of refraction, reflection, and polarization as 
have been already described in Book IX. with respect to light, and 
analogous results were obtained ; the thermal rajs being subject to 
the same general laws of reflection and refraction as prevail in relar 
tion to luminous rays. 

1571. Application of these principles to eocplain various phenomena, 
-The genelkl principleB re^liIatiDg the radiation, absorption, refleo- 
tion, and transmission of heat, which have been here stated, serve to 
explain and illustrate various experimental facts and natural pheno- 
mena, as will appear from what follows : — 

If two concave parabolic reflectors be placed as described in (Hand- 
book of Optics, 946), any radiator of heat placed in the focus of 
either will produce a corresponding effect upon a thermometer placed 
in the focus of the other, the rays of heat issuing from the lediating 
body being twice reflected and collected into the focus of the second 
reflector, upon the principle explained in (946). 

1572. Eocperiment of radiated and reflected heat with pair of par 
raholic reflectors. — Let R and Bf^flg- 454., be two such reflectors. If 
lighted charcoal be placed in the focus F of one, it will ignite amadou 
or any other easily inflammable substance in the other, even though 
the distance between the reflectors be twenty or thirty feet. 

If a sensitive thermometer, such as the differential thermometer 
(1349)^ be placed at F', it will show an increase or diminution of 





Fig. 464. 

temperature, according as a hot or cold body is placed at f. If a 
small globe filled with hot water be placed there, an increase will be 
indicated ; and if the globe be filled with snow or with a freezing 
mixture, a decrease .will be manifested. 

1573. Materials fltted for vessels to keep liquids warm. — Vessels 
intended to hold liquids at a higher temperature than that of the 
sorroanding mediomi should be constructed of materials which are 
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tnd radiators. Thus tea^^ims^ toa-^K^ts, &a, are best? adapted' fto tbeiir 
purpose when made of polished metal, and worst when of blaok pop- 
oelain. A tea-kettle keeps water hotter more effeotnally if clean and 
polished, than if covered with the black of soot and smoke. Polished 
fir»-irons remain longer before a hot fire without being heated thMi 
vough unpolished ones. 

1574. Advantage of an unpolished stove, —A polished stove » a 
bad radiator; one with a rough and blackened sur&ee a good radiator. 
The latter is therefore better adapted for warming an apartment' than 
the former. 

1575. Helmets, and cmrasses should hejpoUshed, — The helmei and 
onirass worn by cavalry is a cooler dress than might be ima^^oed) 
the polished metal being nearly a perfect reflector of heat, and throw- 
ifag off the solar rays. . - . 

1576. Deposition of moisture on window panes. -—When- the er^ 
temal air, which generally happens, is at a lo^r temperature than 
the air included in the room, it will be observed that a deposition of 
moisture will be formed upon the inner sur&ce of the panes (^ glafis 
in the windows. This is produced by the vapour suspended in the 
atmosphere of the room being condensed by the cold sur&ce of the 
glass. If the external air in this case be at a temperature below 32^, 
the deposition on the inner surfetce of the glass will be congealed^ 
and a rough coating of ice will be exhibited upon it. 

Let two small pieces of tinfoil be fixed, one upon a part of the ex- 
temal sur£a«e of one of the panes, and the other upon the internal 
surface of another pane, in the evening ] it will be found in the morn- 
ing that that part of the internal surface of the pane upon which is 
placed the external foil will be nearly free from ice, while the surface 
of the internal foil will be more thickly covered with ice than the 
parts of the inner surface of the glass which are not covered with 
foil : these effects are easily explained by radiation* When the tin- 
foil is placed on the external surface, it reflects the heat which strikes 
on that sur&ce, and protects that part of the sur^EUse which is covered 
from its action. The heat radiated from the objects in the room 
striking on the inner surface of the glass penetrates it, and encounter- 
ing the foil attached to the exterior surface, is reflected by it through 
the glass, and its escape into the external atmosphere is intercepted ; 
the portion of glass, therefore, opposite to the tinfoil, is subject to the 
action of the heat radiated from the chamber, but protected from the 
action of the external heat. The temperature of that part of the 
glass is therefore less depressed by the external atmosphere than the 
temperature of those parts which are not covered by tinfoil. Now 
glass being a bad conductor of heat, the temperature of that part 
opposite to the external foil does not immediately affect the remainder 
of the pane, and consequently we find that, while the remainder of 
Uie interior surface of the pane is thickly covered with ioe^ the por» 
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tioQ of it opposite the tiofoil is ooraparativclj free from it. On the 
contrary, when the tinfoil is applied on the internal surface, it reflects 
perfectly the heat radiated from the objects in the room, while it ad- 
mits through the dimensions of the glass the heat proceeding from 
the external atmosphere. The portion of the glass, therefore, covered 
by the tinfoil, becomes colder than any other part of the pane, and 
the tinfoil itself partakes of this temperature, which is not raised by 
the effect of the radiation of objects in the room, because the tinfoil 
itself is a good reflector and a bad absorber. Hence the tinfoil pre- 
sents a colder sur&ce to the atmosphere in the room, than any other 
part of the surface of the pane, and consequently receives a more 
abundant deposition of ice. 

1577. Jhrinciples which eocplam the phenomena of dew and hoar 
/rost, — A clear unclouded sky in the absence of the sun radiates 
but little heat towards the earth ; consequently, if good radiators be 
exposed to such an aspect, they must suffer a fall of temperature^ 
Binoe they lose more by radiation than they receive. 

Let a glass cup, for example, be placed in a silver basin, and ex- 
posed daring a cold night to a clear sky ; it will be found in the 
morning that a copious deposition of moisture will have been made 
on the glass, from which the silver vessel is perfectly free. Bevers- 
ing the experiment, let a silver cup be placed in a glass basin, and 
similar results will ensue, the basin being perfectly covered with 
moisture, from which the cup is free. This is easily explained : the 
metal, being a bad radiator of heat, preserves its temperature ; the 
glass, being a good radiator of heat, loses by radiation much more 
than it receives, and, consequently, its temperature falls, and it con- 
denses the vapour in the air around it. 

The result of experiments of this kind supplied Dr. Wells with 
his celebrated theory, by which he explained the phenomenon of 
dew. 

According to what has been explained, it appears that the objects 
which are good radiators, exposed to a clear sky at night, will become 
colder than the surrounding atmosphere, and will consequently con- 
dense the water suspended in the air around them ; while objects 
which are bad radiators will not do this. Grrass, foliage, and other 
products of vegetation^ are in general good radiators. The vegeta- 
tion, therefore, which covers the surface of the ground in an open 
country on a clear night will receive a deposition of moisture from 
the atmosphere ; while the objects which are less perfect radiators, 
such as earth, stones, &c., do not in general receive such depositions. 
Id the close and sheltered streets of cities, the deposition of dew is 
rarely observed, because there the objects are exposed to reciprocal 
radiation, and an interchange of heat takes place which maintains 
tbeir temperature. 

The effect of the radiation of foliage is strikingly manifested by 

12* 
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the following example. Of two thermometers, one laid among 
leaves and grass, and the other suspended at some height above 
them, the latter will be observed to fall at night many degrees 
below the former. 

1578. Dew not def>osited under a clouded sky. — In a cloudy 
night, dew is not deposited, because in this case, although vegetation 
radiates as perfectly as before, the clouds also radiate, and an inter- 
change of heat takes place between them and the surface of the 
earth, by which the fall of temperature producing dew is prevented. 

1579. Production of artificial ice by radiation in hot climaies, — 
Artificial ice is sometimes produced in hot climates by the foUowing 
process. A position is selected, not exposed to the radiation of snr* 
rounding objects, and a quantity of dry straw is spread on the 
ground, on which pans of porous earthenware are disposed in which 
ihe water to be cooled is placed. The water radiates heat to the 
firmament, and receives no heat in return. The straw upon which 
the vessels are placed, being a bad conductor, intercepts the heat> 
which would otherwise be imparted to the water in the vessels from 
the earth. The porous nature of the pans also allowing a portion 
of the water to penetrate them, produces a rapid evaporation, by 
which a considerable quantity of the heat of the water is carried off 
in a latent state by the vapour. Heat is thus dismissed at once by 
evaporation and radiation, and the temperature of the water in the 
pans is diminished until it attains the freezing point. In the morn- 
ing the water is found frozen, and is collected and placed in cellars 
surrounded with straw or other bad conductor, which prevents its 
liquefaction. 
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COMBUSTION. 

1580. Heaf developed or absorbed in chemical combination. — ^It has 
been already explained, that when two substances enter into chemical 
combination, so as to form a new compound, heat is generally either 
developed or absorbed, so that although the components before their 
union have the same temperature, the temperature of the compound 
which results will be generally above or below this common temper- 
ature, and sometimes considerably so. 

1581. This effect exjylained hy specific heat of compound being 
less or greater than that of components. — If no change in the state 
of aggregation of the constituents is produced by their union, this 
phenomenon is explained by the specific heat of the compound being 
less or greater than that of the components, according as the temper- 



COMBUSTION. 180 

atmre of the compound is groM^er or less than that of the components. 
If greater; it is becanse, the specific heat being less^ the actual qnanr 
tity of heat contained in the compound gives it a higher tempera- 
ture ; if less, because it ^es it a lower temperature. 

1582. Or hy heat being developed or absorbed by change o/stcUe. 
— If the state of aggregation of either or both of the components be 
changed; heat which was latent becomes sensible; and raises the tem- 
perature of the compound; or heat which was sensible becomes 
latent; and lowers it. Thus when a solid mixed with a liquid is dis- 
solved in it; the solid in liquefying absorbs and renders latent the 
same quantity of heat which would have been necessary to melt it. 
This heat being abstracted from the sensible heat of the compound 
lowers the temperature. This phenomenon has been already noticed 
in itte case of freezing mixtures. (See Appendix.) 

1583. ChmbusHon, — But of all the cases in which heat is deve- 
loped by chemical combination; the most important are those in 
which combustion is produced. 

When the quantity of heat suddenly developed by the chemical 
combination of two bodies renders the compound luminous; the 
bodies are. said to burn, and the phenomenon is called comhtistion. 
If the product of the combination be solid it is called Jire; if 
gaseouS; flame, 

1584. Flame, — ^FlamC; therefore, is gas rendered white hot by the 
excessive heat developed in the combination which produces it. 

1585. Agemjcy of oxygen, — It happens that, among the infinite 
variety of substances whose combination is productive of this class 
of phenomena; one of the two combining bodies is almost invariably 
oxygen gas. A few other substances, such as chlorine, bromine, and 
iodine, produce similar efiects ; but in all ordinary cases of combus- 
tion, and universally where that effect is resorted to as a source of 
artificial heat, one of the combining substances is oxygen gas. 

On this account this gas has been called a supporter of comhvstion, 

1586. Combustibles, — The substances which combining with it 
produce the phenomenon of combustion are called combustibles, 

1587. ComJmstion explained, — One of the circumstances which 
render combustion so ordinary a phenomenon; is the fact that the 
oxygen which forms one of the constituents of the atmosphere is 
either mechanically mixed in it, or, if chemically united, is held in 
combination by the weakest possible affinity. It therefore floats in 
the air in a state of almost complete freedom, ready to combine with 
any body for which it has the least aflSnity. When the temperature 
of a combustible, therefore, is so elevated as to weaken sufficiently 
its cohesion, its molecules enter into combination with the oxygen 
of the air, and heat and light, and all the effects of combustion, are 
manifested. 

1588. Temperature necessary to prodvx:e combustion, — The tem- 
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perature necessary to produce (this combination is di£ferent for diffe- 
rent substances; phosphorus combines with oxygen, and burns in 
the atmosphere if raised to 148°. Hydrogen gas will not bum till 
raised to incandescence. According to Sir H. Davy, the tempera- 
tures necessary to the combustion of the several combustibles here 
named are in the following order : — 



1. Phosphorns. 

2. Phosphuretted hydrogen. 

3. Hydrogen and chlorine. 

4. Sulphur. 

5. Hydrogen and oxygen. 

6. Olefiant gas. 



7; Snlphnretted hydrogen. 

8. Alcohol. 

9. Wax. 

10. Garhonio oxide. 

11. Carhuretted hydrogen. 



The heat developed in the process of combustion is itself the 
means of sustaining and rendering continuous the combustion. If 
any source of heat of sufficient intensity be applied to the wick of a 
candle, the matter of the wick will combine with the oxygen of the 
air and will burn. The heat evolved in this combustion will dissolve 
the wax or tallow, which ascending through the meshes of the wick 
is converted into vapour, and being thus raised to the necessary tem- 
perature, enters into combustion ; and so the process is continued so 
long as a supply of tallow or wax is conveyed to the wick. 

1689. Light of flame only superficiaL — ^It is evident the light of 
the flame is only superficial, that part alone being in combustion 
which is in contact with the air. The flame of a candle or lamp is 
therefore, so far as regards light, hollow. It is a column of gas with 
a luminous surface. As the gas within the surface rises, it gets into 
contact with the air and becomes luminous, and this continues. until 
the column is brought to a point. Thus the flame of a candle or 
lamp gradually tapers until all the combustible vapour proceeding 
from the oil, wax, or tallow receives its due complement of oxygen 
from the air and passes off. It speedily loses that high temperature 
which renders it luminous, and the flame terminates. 

1590. Illuminating power of combustibles, — The light afforded 
by lamps, or candles formed of different substances has different 
illuminating powers, according to the constituents of these substances 
and the heat developed in their combustion. 

The light, however, is not proportional to the heat. . Hydrogen 
gas which developes in its combustion a ^Qty intense heat, produces 
but a feeble light. 

1591. Constituents of combustibles used for illumination. — ^Tho 
chief constituents of the combustibles which are used for the purposes 
of illumination are carbon and hydrogen, and the whiteness of the 
flame is determined in a great degree by the proportion of* carbon. 

The combination in this case produces carbonic acid and water, 
\carbon combining with the oxygen to produce tlie former, and the 
hydrogen to produce the latter. 
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Id^SL Spanggf^ pkcHimm rmdered incandismsent by hydrogtn,*^li 
ft jet of hydvogen gas b« directed upon a small mass of spoDgy 
platinnip^ tiie metal will become- incandescent, and will continue so 
ae long as the gas acts upon it; without^ however; suffering any per- 
manent change. 

An apparatus for producing an instantaneous light has been con* 
trived on this prindple-. By turning a stop-cock communicating 
with a small bottle in which the gas is generated in the usual way, 
the jet of gas is thrown upon a small cup containing the spongy 
metel; which immediately becoming incandescent; is capable of 
lighting a match. 

Some other metals, palladium^ iridium^ and rhodium, are suscepti- 
ble of the same effect. 

This effect has not been yet explained in a clear or satisfactory man- 
ner. See Turner's Chemistry, by Liebig and Gregory, 8th edit. p. 542. 

1593. Quantity of heat developed by combusitbleg. — The deter- 
mination of the quaatity of hei^t evolved by different combustibles, 
is a question not only of great scientific interest, but of considerable 
.importance in the arts and manufactures. The mutual relation be- 
tween tilie quantities of the combustible, the oxygen, and the heat 
developed, if accurately ascertained, could not &dl to throw light, 
not <Hily on the theory of combustion, but on the physics of heat in 
general. In the arts and manufactures, the due selection of com- 
bustible matter depends in a great degree upon the quantity of heat 
developed by a given weight m the process of combustion. 

Nevertheless, there is no part of experimental physics in which 
less real progress has been made, and in which the process of investi- 
gation is attended with greater cUffioulties. Experiments were made 
on certain combustibles by Lavoisier and Laplace, by burning them 
in their calorimeter, and observing the quantity of ice dissolved by 
the heat which they evolved. Drs. Dalton and Crawford, Count 
Bnmford and Despretz, as well as Sir H. Davy, made various experi- 
ments with a like object. It was not> however, until the subject 
was taken up by-Dulong that any considerable progress in discovery 
was made. Unhi^ppily, that eminent experimental inquirer died 
before his researches were completed. Much valuable information 
has been collected from his unfinished memoranda. The inquiry 
has since been resumed by MM. Favre and Silbermann, and has been 
prosecuted with much zeal and success. The estimates which they 
have obtained of the quantities of heat developed in the combustion 
of various substances, are found to be in general accordance with 
those which appear to have been obtained by Dulong, in the cases 
where they have operated on the same combustible. Thus, in the 
case of hydrogen, the most important of the substances under 
inquiry, Dulong found the heaVdeveloped to be expressed by 34601, 
while MM. Favre and Silbermann estimated it at 34462, with rela- 
tion to the same thermal unit. 
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1594. TaMe of the quantities of heat evolved in the combustion 
of various bodies. — ^In the following table is ^ven the heat developed 
in the combustions of the substances named in the first column ; the 
thermal unit being the heat necessary to raise a weight of water equal 
to that of the combustible one degree of the scale of Fahrenheit's 
thermometer. (See Appendix.) 



Names of SutatancM. 



Hydrogen, at 59° 

Carbon, from C to CO*. 

" from sugar, from C to CO* 

*< from gas retorts 

Graphite, natural, No. 1 

*< from high frurnaoes, No. 1 ^. 

« natural, No. 2 

Diamond 

Oraphite, from high furnaces, No. 2. 

Diamond heated 

Carbonic oxide, to CO* 

Gas, marsh 

<< olefiant 

Amylene 

Paramylene 

Cetene. 

Metamyline 

Ether, sulphuric 

^* valeric 

Spirit of wood 

Alcohol, wine 

" valeric 

*< ethalic 

Acetone , 

Aldhydc, ethalic 

" stearic 

Formiate of methylene 

Acetate t* « 

Formiate of alcohol 

Ether, acetic 

Butyrate of methylene 

Ether, butyric 

Yaleriate of methylene 

« « alcohol 

Acetate of alcohol, valeric 

Ether, valeramilio 

Acid, formic 

'< acetic 

" butyric 

" valeric 

« ethalic ; 

" stearic 

" phrenic 

Terebene 

Essence of turpentine 

" citron 

Sulphur, native oi^ melted 

" at instant of crystallization 

Sulphuret of carbon 

Carbon burnt with peroxide of azote at 50° 

Decomposition of peroxide of azote 

" " water oxygenated, 1 gr. oxygen 

Decomposition of oxide of silver absorbs 

Iceland spar for CO' and to 0, absorbs 

Aragonite combined gives 

" separated absorbs 

" separated after combination absorbs.... 



FomnUB. 



C*H* 

C*H« 

C»H** 
CaoH90 

C»H« 

C»H'* 

C«H*» 

H0*+C«H" 

HOa+C*» H»» 

H0»+0*H* 

H0»+C* H« 

HO*+C»» H>» 

H0*+C» H*» 

C«H«-4-0* 

C«H«0* 

C»H"0* 

C*H*0* 

C»H«0* 

C»H«0* 

C"H>0« 

C» H" 0* 

C»a H4a 0* 

C" H" 0« 

C"H"0* 

c*»n«»o* 

C*°H«>0* 

OHC^H" 

0*+C* H* 

0*+C»H» 

0*+C" H»» 

O^+C** H»» 

0*+C" H" 

C»*H«0« 

C«»H« 

C»H» 

C*H" 



QuantitT of Heat 

fiven by 1^ of 

Combustion. 



62,031-6 
14,544-7 
14,471-6 
14,4851 
14,060-7 
14,018-6 
14,006-7 
13,986-2 
13,926-8 
14,181-7 

4,324-9 
23,513-4 
21,344-0 
20,683-8 
20,346-3 
20,278-8 
19,941-3 
19,671-3 
16,248-6 
18,338-4 

9,542-7 
12,931-2 
16,125-5 
19,139-6 
13,1400 
18,6I&0 
18,8fl9«.-. 

7,555^^ 

9,6HW'*^ 

9,5014 . 
. 11,326-9 
12,237-3 
12,763-6 
13,276-1 
14,102-8 
14,348-2 
15,378-5 

8,6000 

6,309-4 
10,121-4 
11,590-2 
16,956-0 
17,6760 
14,116-1 
19,193-4 
19,533-6 
19,726-2 

3,998-0 

4,0651 

6,120-9 
20,084-2 
19,962-9 

2,345-4 

— 39-8 
—554-6 
4- 68-0 
— 654-6 
--485-6 
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CHAP. xn. 

ANIMAL HEAT. 

1595. Tefm/peTfUure of organized bodies not in equilihrium with 
tumnmding mec^titm.— Organized bodies in general present a striking 
exception to the law of equalization of temperature, since, with some 
rare exceptions^ these bodies are never at the temperature of the 
medium which surrounds them. The human body, as is well known, 
has a permanent and invariable temperature much more elevated 
than that of the atmosphere. The animals of the polar regions are 
much warmer than the ice upon which they rest, and those which 
inhabit tropical climates colder in general than the air they respire. 
The temperatures of the bodies of birds is not that of the atmo- 
sphere, nor of fishes that of the sea. 

There is therefore, in organized bodies, some proper source of heat, 
or rather some provision by which beat and cold can be produced at 
need ; for the ponderable matter which composes the bodies of these 
creatures must, like all ponderable matter, be subject to the general 
law of equilibrium of temper&ture. It is therefore necessary to 
ascertain what is the temperature of organized creatures ; what are 
the quantities of heat which they evolve in a given time to maintain 
this temperature ; and what is the physical apparatus by which that 
heat is elaborated. 

1596. Temperatwe of the hhod in the human species. — The tem- 
perature of the blood in the human species is found to be the same 
throughout the whole extent of the body, and is that which is indi- 
cated oy a thermometer, whose bulb is placed under the tongue and 
held there until the mercurial column becomes stationary. This 
temperature is 98*^*6, subject to extremely small variations, depending 
on health, age, and climate. 

1597. Researches of Davy to determine the temperature of the 
hhod. — ^Dr. John Davy, Inspector of Army Hospitals, availed him- 
self of the opportunities presented by his professional appointment, 
and of a voyage made by him to the East, to make an extensive and 
valuable series of observations' on the temperature of the blood in 
man, in di£ferent climates, at different ages, and among different 
races, as well as upon the inferior animals. These observations were 
made between 1816 and 1820. 

The first series of observations were made during a voyage from 
England to Ceylon, and, therefore, under exposure to very various 
climates and temperatures. The temperature of the blood was ob- 
served by means of a sensitive thermometer applied under the tongue 
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near its root, with every precaution necessary to ensure accuracy. 
The principal results obtained ate collected and arranged in the 
following tables : — 

TABLfi I. 

1598. Shotoing the Ten^peratures of the Blood of 13 Individual 

in different Climates. 



Agt. 


Alr,fiOO. 


Air,TB<». 


Air, nVP, 


Air, 80O. 


24 


98-6 


99 


100 


99-5 


28 


— . 


99*5 


«9-5 


99-5 


26 


98-26 


98-75 


98-6 


99-76 


17 


— 


99 


99 


100 


25 


98 


09 


99 


90^6 


20 


98-76 


98 


99-5 


IflO 


28 


98^25 


98-75 


99 


99-5 


26 


'98 


~- 


— 


101 


40 


— 




.. 


99-76 


43 


» 




.. 


09 


40 


~. 


— 


M. 


90^ 


13 




— . 


.. 


100 


4 


— 


— 


— 


006 



Tablob XL 

Showing the Temperatures of the Blood of 6 Individwib in 

different Climates. 



Age. 


Air, 69°. 


Air, 83°, 


Air, 820. 


Air, B49. 


36 


98 


99 


102 


08-6 


20 


98 


99 


101 


98 


40 


99 


99 


98«5 


06 


36 


98 


99-76 


99 


98 


20 


98 


99-6 


99 


.. 


24 


98 


99'5 


100 


— 



Table HI. 

Showing the Temperatures of the Blood in the same Individual 

at different Hours of the Day. 



Boor. 


Air 


Blood. 


SeoMtioau 


6A.H. 


60-6 


98 


CJool. 


9 


66 


97-5 


Gold. 


IP. M. 


78 


98-5 


Cool. 


4 


79 


98-5 


Warm. 


6 


71 


99 


Warm. 


11 


69 


98 


>jCoo1. 



Table IV. 

Shouring the Limits between which the Temperature of the Blood 
in different Races was observed to vary in India. Air, 75** to 81°. 



Racet. 


Temperature. 


lUcek 


Temperature. 


Cape Hottentots 


96-6 to 99-5 

100 101-5 

101 101-76 

100 102 

101 102 
97-5 99 


Yaidaa 


96 to 98-6 
96-5 99-6 
98-6 99-5 
98 100 
98 101 


Sinealese 


African Neorroes 


Albinoes 

Half caste 


MalsTS 


Sepoys « 

Enorliflh,, tT,"TTT 


White Children 


ICandianif ,-t„i,,t,,r,,itt'>r,i„ 







AKIHAL HEAT. 



Showing Ote Itenrperahire ofih^ Blood ohierved in dijerent iS^>eeu» 

of Animali. 



S,mc. 


^„. 




tU«tlOU..,.eim. 


MmmMi. 


I 

M 

T8 
B8 

78 

aa 


100 
99'fi 

M 

101 

log^B 
lOS'K 

loss 

OS 

03-5 Id 106-fl 

105— loa 


(Vlamto. 
ColSi/bo. 

rill 

Colomho. 

Mount Lirinii. 

Colombo. 

Ut. N. go M" mt •«. 

LoiXn. 

LondoB, 
Kondilt 

HdUDl'LlTlolk, 
COJIOQ. 

Edinlnirt-h. 
Mount l.avinU. 

lit soy. 

Idt. S. 34° 1' st lu. 
MoDDt LkTinlb 

<ta yloD. ' 












^E^^^^^^^^^^EEE 






^Z^-::::... ~-;;:nr:n:;r 






























. MdM. 






ES* 




jBllg1«'fo»l"."" 








OtiEdin 

HidHcock 

flw*. 

Bnofc- 


Bnlpe 




JmilMa. 
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Name. 



Air. 



Ctommon firog. 

Iguana 

Serpents 



(i 



MsJies. 



Shark.. 
Bonito. 
Trout.. 



{< 



Eel 

Flying-fish. 



Jliolkuca, 



Oyster 
Snail... 



Crustacea. 



Crayfish, 
Crab 



Insects. 

Scaraheeus pilularius.. 

Glow-worm 

Blatta orientalis.' 

Gryllus hoematopus ? . 
Apis ichneumonia? .... 
Papillio agamemnon... 

Scorpio afer 

Julus T. 



60 
82 
811 
821 



11^ 

78 

56 
56 
51 

77 



82 
76K 



80 
72 



76 
73 
83 
62 
75 
78 
79 
80 



Temperature. 




77 

82* 

58 

58 

51 

78 



82 

76 to 76H 



79 
72 



77 
74 
74^76 

If" 

80 

7734 

78i| 



Place of ObsenratioB. 



Edinburgh. 
Colombo. 



Lat S. 8° 28'. 
Lat. S. 1° 14^. 
Edinburgh. 
L. Katrine. 
Chatham. 
Lat. N. eP 67'. 



Mount Lavinia. 
Kandy. 

Colombo. 
Kandy. 

Kandy. 



Cape. 
Kandy. 



1599. Deductions from these observations. — ^The conclusions de- 
duced from these observations and experiments are^ that the temper- 
ature of man, although nearly constant, is not exactly so ; that it is 
slightly augmented with the increased temperature of the climate to 
which the individual is exposed ; that the temperature of the inha- 
bitants of a warm climate is higher than those of a mild ; and that the 
temperature of the different races of mankind is, cmteris paribus^ 
nearly the same. This is the more remarkable, inasmuch as among 
those whose temperatures thus agree, there is scarcely any condition 
in common except the air they breathe. Some, such as the Yaida, 
live almost exclusively on animal food ; others, as the priests of 
Boodho, exclusively on vegetables ; and others, as Europeans and 
Africans, on both. 

1600. Birds have the highest ^ and amphibia the lowest tempera- 
ture. — Of all animals birds have the highest temperature ; mam- 
malia come next ; then amphibia, fishes, and certain insects. 
Mollusca, Crustacea, and worms stand lowest in the scale of temper- 
ature. 

1601. Experiments of Breschet and Becquerel. — ^Experiments 
were made by MM. Breschet and Becquerel to ascertain the varia- 
tion of the temperature of the human body in a state of health and 
sickness. They employed for this purpose compound thermoscopic 

^ This was the temperature of the heart, which lies near the surface. In 
the deeply-seated muscles the temperature was 99 <> 
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needleS; composed of two different metals, which being exposed to a 
change of temperature, indicated with great sensitiveness the sensible 
heat by which they were affected, by means of a galvanometer on a 
principle similar to the electroscopic apparatus used by 31. Melloni, 
already described, (1564.^ The needles were adapted for use by the 
method of acupuncture. 

1602. Comparative temperature of blood in health and si-ckness. 
— It was found that in a state of fever, the general temperature of 
the body sometimes rose from l°-8 to 3° -6. 

It was also ascertained in several cases of local chronit; aud acci- 
dental inflammation, that the temperature of the inflamed part was a 
little higher than the general temperature of the body, the excess ' 
however never amounting to more than from l°-8 to 3°'6. 

1603. Other eocperim^ents hy Breschet and Becquerel. — It resulted 
from these researches that, in the dog, the arterial blood exceeds in 
temperature the venous by about l°-8. It was also found that the 
temperature of the bodies of the inhabitants of the valley of the 
Khone, and those of the Great St. Bernard, both men and inferior 
animals, were the same. 

1604. Ea^periments to ascertain the rate of development of animal 
Tieat — ^A series of experiments was made by Lavoisier and Laplace 
to determine, by ineans of their calorimeter already described, the 
quantity of heat developed in a given time by various animals ; but 
more recently much more extensive researches in this department 
were made by Dulong, which have produced important results. In 
these experiments the animal under examination was shut up in a 
copper cage sufficiently capacious to be left at ease, and being sub- 
merged in a glass vessel of water, the air necessary for respiration 
was supplied and measured by a gasometer, while the products of 
respiration were carried away through the water, to which they im- 
parted their heat, and were afterwards collected and analyzed. Each 
experiment was continued for two hours. After the proper correc- 
tions had been applied, the heat developed by the animal was calcu- 
lated by the heat imparted to the water. 

Dulong determined these thermal quantities with great precision 
for numerous animals of different species, young and adult, carnivo- 
rous and frugivorous. The animals during the experiment being 
subject neither to inconvenience nor fatigue, it might be assumed 
the heat they lost was equal to that which they reproduced. On 
analyzing the products of respiration it was found that they were 
changed as air is which has undergone combustion. The oxygen of 
the atmospheric air which was introduced into the cage was in fact 
combined with carbon and formed carbonic acid. So far, therefore, 
as concerned this point, a real combustion may be considered as 
haying taken place in the lungs. Thus much was inferred in 
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general as to the source of animal heat from the discoveries of 
Lavoisier. (See Appendix.) 

1605. Total quantity of heat explained hy chemical laws without 
any especial vital cause. — It remained, hgurever, to verify this disco- 
very by showing that the exact quantity of heat evolved in the animal 
system could be accounted for by the chemical phenomena manifested 
in respiration ; and this Dulong accomplished. 

After having determined the quantity of heat lost by the animal, 
he calculated the quantity of heat produced by respiration. The air 
which was furnished to the animal was measured by the gasometer, 
and the changes which it suffered were taken into account by ana- 
lyzing the products of combustion discharged through the water from 
the cage. These products were as follows : 

1. The vapour of water. 

2. Carbonic acid. 

3. Azote. 

The vapour of water analyzed gave a certain quantity of oxygen 
and hydrogen, the carbonic acid a certain quantity of carbon and 
oxygen, and the azote was sensibly equal to the quantity of that gas 
contained in the atmospheric air supplied to the animal. It followed 
that the oxygen of the atmospheric air which had been supplied 
combined in the lungs partly with carbon and partly with hydrogen, 
producing by respiration carbonic acid and the vapour of the water, 
being exactly the products resulting from the combustion of a lamp 
or candle. Now tbe quantity of heat produced by the combustion of 
given quantities of carbon and hydrogen being taken and compared 
with the quantity of animal heat developed, as given by the heat 
imparted to the water, was found exactly to correspond ; and thus it 
followed that the source of animal heat is the same as the source of 
heat in the common process of combustion. 

When these researches were first made, it appeared that the quan- 
tity of heat actually developed in the animal system exceeded the 
quantity computed to result from the chemical change which the air 
suffered in respiration, and it was consequently inferred that the 
balance was due to a certain nervous energy or original source of 
heat existing in the animal organization independently of the common 
laws of physics. Dulong, however, had the sagacity to perceive that 
the phenomenon admitted of a more satisfactory and simple explana- 
tion, and succeeded at length in showing that the difference which 
had appeared between the quantity of heat developed in respiration, 
and the quantity due to the chemical changes which the air suffered 
in this process, was accounted for by the fact that the quantity of 
heat developed in the combustion of hydrogen and oxygen had been 
under-estimated, and that when the correct coefficient was applied, 
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the quantify of heat due to chemical changes suffered by the air in 
respiration was exactly equal to the quantity of heat developed in 
the animal system. (See Appendix.) 



CHAP. xin. 

THE SENSATION OF HEAT. 

1606. Indications of the senses /allaciotis. — ^The senses^ though 
appealed to by the whole world as the most unerring witnesses of 
the physical qualities of bodies, are found, when submitted to the 
severe scrutiny of the understanding, not only not the best sources 
of exact information as to the qualities or degrees of the physical 
principles by which they are severally affected, but the most fallible 
guides that can be selected, often informing us of a quality which is 
absent, and of the absence of one which is present. 

Nor should this be any matter of surprise. Our Maker in giving 
us organs of sense did not design to supply us with philosophical 
instruments. The eye, the ear, and the touch, though admirably 
adapted to serve our purposes, are not severally a telescope, a mono- 
chord, and a thermometer. An eye which would enable us to see 
the inhabitants of a planet, would ill requite its owner for that ruder 
power which guides him through the town he inhabits, and enables 
him to recognize the friends who surround him. The comparison 
of the instruments which are adapted for the uses of commerce and 
domestic economy with those destined for scientific purposes supply 
an appropriate illustration of these views. The delicate balance 
used by the chemist in determining the analysis of the bodies upon 
which he is engaged would, by reason of its very perfection and sen- 
sibility, be utterly useless in the hands of the merchant or the house- 
wife. Each class of instruments has, however, its peculiar use, and 
is adapted to give indications with that degree of accuracy which is 
necessary, and required for the purposes to which *it is applied. 

1607. Sense of touch afoMadous measure of heat. — The touch 
is the sense by which we acquire a perception of heat. It is evident, 
nevertheless, that it cannot inform us of the quantity of heat which 
a body contains, much less of the relative quantities contained in 
any two bodies. In the first place, the touch is not affected by heat 
winch exists in the latent state. Ice-cold water and ice itself have 
the same degree of cold to the touch, and yet it has been proved that 
the former contains 140^ of heat more than the latter. 

1608. Its indications contradictory, — But it may be said that 
even the thermometer does not in this case indicate the presence of 

13* 
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the excess of heat in the liquid. The sense of feeling will however 
be found almost as fallacious as regards the temperature of bodies ; 
for it is easy to show that the sense of warmth depends as much 
upon the condition of the part of the body which touches or is sur- 
rounded by the warm or cold medium, as on the temperature of that 
medium itself. 

If the two hands be plunged, one in water at the temperature of 
200° and the other in snow, and being held there for a certain time 
are transferred to water of the intermediate temperature of 100°, 
ihis water will appear warm to one hand and cold to the other ; warm 
to the hand which had been plunged in the snow, and cold to the 
hand which had .been plunged in the water at 200°. 

If on a hot day in summer we descend into a deep cave, it will 
feel cold ; if we descend into the same deep cave on a frosty day in 
winter, it will feel warm ; yet a thermometer in this case will prove 
that in the winter and in the summer it has exactly the same tem- 
perature. 

1609. These contradictions explained. — These apparent anomalies 
are easily explained. The sensation of hei^t is relative. When the 
body has been exposed to a high temperature, a medium which has 
a lower temperature will feel cold, and when it has been exposed to 
a low temperature it will feel warm. 

If in a room raised to a high temperature, as in a vapour or hot- 
air bath, we touch with the hand different objects, they will appear 
to have very different temperatures ; a woollen carpet will feel cold, 
marble slabs warm, and metallic objects very hot. If, on the other 
hand, we are in a room at a very low temperature, all these proper- 
ties will be reversed ; the carpet will feel warm, the marble slabs 
cold, and the metallic objects colder still. 

These effects are easily explained. A woollen carpet is a, non- 
conductor of heat. When surrounding objects are at a more ele- 
vated temperature than that of the body, the woollen carpet partak- 
ing in this temperature will when touched feel cool, because, being 
a non-conductor of heat, the heat which pervades it does not pass 
freely to the part of the body which touches it. A marble slab 
being a better conductor, and a metallic object a still better, the heat 
will pass from them more freely to the part of the body which touches 
them, and they accordingly appear hotter. 

But if the room be at a temperature much lower than the body, 
then when we touch the woollen carpet the heat does not pass from 
our body to the carpet because it is a non-conductor, and as we do 
not lose heat the carpet feels warm ; but when we touch the marble, 
and still more a metallic object, the heat passes more and more freely 
from our body to these objects, and being sensible of a loss of heat 
more or less rapid, we feel cold. 
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1610. Exampks of Oie fallacious impremons prodiiced hy objects 
on the touch, — When we plunge in a cold bath, we are accustomed 
to imagine that the water is colder than the air and surrounding ob- 
jects ; but if a thermometer be immersed in the water, and another 
suspended in the air, they will indicate the same temperature. The 
apparent cold of the water arises from the fact that it abstracts from 
our bodies heat more rapidly than air does, being a denser fluid and 
a greater number of particles of it coming into contact at once with 
the surface of the body. A linen feels colder than a cotton, and a 
cotton colder than a flannel shirt, yet all the three are at exactly the 
same temperature. Linen is a better conductor of heat than cotton, 
and cotton than flannel, and, consequently, the heat passes more 
freely through the first than the second, and through the second than 
the third. 

The sheets of a bed feel cold, and the blankets warm, and yet 
they are of the same temperature, — a fact which is explained in the 
same manner. 

The air which is impelled against a lady's face by her fan feels 
cold, while the same air at rest around her feels warm ; yet it is cer- 
tain that the temperature of the air is not lowered by being put in 
motion. The apparent coolness is explained in this case by a slight 
evaporation, which is efiected upon the skin by the motion given to 
the air by the fan. 

1611. Feats of fire-eaters explained. — Some of the feats per- 
formed by quacks and fire-eaters in exposing their bodies to fierce 
temperatures may be easily explained upon this principle. When a 
man goes into an oven raised to a very high temperature, he takes 
care to place under his feet a cloth or mat made of wool or other 
non-conducting substance upon which he may stand with impunity 
at the proposed temperature. His body is surrounded with air raised 
it is true to a very high temperature, but the extreme tenuity of this 
fluid causes all that portion of it in contact with the body at any 
given time to produce but a slight effect in communicating heat. 
The exhibitor always takes care to be out of contact with any good 
conducting substance, and when he exhibits the effect produced by 
the oven in which he is enclosed upon other objects, he takes as 
much care to place them in a situation very different from, that 
which he himself has occupied. He exposes them to the effect of 
metal or other good conductors. 

Meat has been exhibited dressed in the apartment with the exhi- 
bitor. A metallic surface is in this case provided, and probably 
raised to a much higher temperature than the atmosphere in which 
the exhibitor is placed. 
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CNon. — The sections of the Appendix have prefixed to them the nnmben 

of the corresponding sections in the Text.] 



1343*. Change of zero in thermomefers. — De La Rive and 
Marcet attribute the gradual diminution in the capacity of the bulbs 
of mercurial thermometers, to the pressure of the external air, inafi- 
much as there is a vacuum in the instrument above the mercury. In 
consequence of this contraction, and in the course of time, the mer- 
cury of a thermometer immersed in melting ice, will 'be observed to 
stand from 1** to 2° above the freezing point. 

This chronic change must be distinguished from the sudden change 
which takes place when a thermometer is exposed to a high temper- 
ature, which appears to act by modifying the molecular arrangement 
of the particles of the glass. Person finds that at the temperature 
of 600°, the change sometimes amounts to from 20° to 30° in a few 
hours. Hence, a thermometer before graduation should be exposed 
to as high a temperature as it is intended for. 

1347*-8*. The air thermometer, — The Indications of the air 
thermometer are affected by changes of atmospheric pressure. Thus, 
supposing the coloured liquid to stand in the tube as represented in 
Jig, 426., and thatj without change of temperature, the barometrical 
column should rise from 28 to 30 inches, the increase of atmospheric 
pressure would %t the same time cause this liquid to ascend in the 
tube, indicating ah apparent fall of temperature. When this source 
of error is avoided, air possesses two advantages as a thermoscopic 
Bubstanice: — great sensibility in indicating slight changes of tem- 
perature, andjjmost perfect uniformity of dilatation. 

1350*-1*. Pyrom^eters. — The air pyrometer of Pouillet, which is 
one of the most reliable instruments for the measurement of high 
temperatures, consists of a hollow sphere of platinum fitted with an 
escape-tube. The hotter the fire to which the platinum vessel is 
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exposed, the greater is the quantity of air driyen out of it, and this 
is received over water and measured. 

Mr. John Wilson has devised a new mode of measuring high 
temperatures. According to his plan, a given weight of platinum is 
exposed for a few minutes to the fire, the temperature of which is 
required to he measured, and then plunged into a vessel containing 
water of a determined weight and temperature. After the heat of 
the platinum has been communicated to the water, the temperature 
of the water is ascertained ; and from this is estimated the tempera- 
ture to which the platinum was subjected. Thus, if the piece of 
platinum employed be 1000 grains, and the water into which it is 
plunged be 2000 grains, and its temperature 60°, should the heated 
platinum, when dropped into the water, raise its temperature to 90°, 
then 90° — 60=30°; which, multiplied by 2 (because the water is 
twice the platinum), gives 60°, that an equal weight of water would 
have been raised. Again : should the water, in another case, gain 
40°, then 40° x 2 = 80°, the temperature measured by the pyro- 
meter. To convert the degrees of this instrument into degrees of 
Fahrenheit, we must multiply by 81 ; because the quantity of heat 
which will raise a given weight of water 1 degree, will raise an equal 
weight of platinum 31 degrees. Thus, 80° X 31=2480°. And 
60° X 31 = 1860°. In order to attain very accurate results by this 
method, it is necessary to guard against the di^ipation of heat by 
conduction and radiation. * 

^ 1367*. Co-effi/neiit of dilatation, — The fraction which expresses 
the ratio of the increase of length to the primitive length of any 
solid, is called the linear co-efficient of dilatation of that solid. 
Thus, 340 inches of zinc at 32°, becoming 341 inches at 212°, the 
fraction -^lij is said to be the linear co-efficient of dilatation of zino 
for 180°. If we assume the solid to expand proportionally in its 
three dimensions of length, breadth, and thickness, its geometrical 
figures in different stages of dilatation will be similar, and conse- 
quently its surface will be proportional to the square, and its volume 
to the cube of its length. 

Let s =z surfacei at 32°. 

s' = surface at any other temperature. 

= co-efficient of dilatation for the increase of temperature; and^ 

L = length at 32°. 

We shall then .have 

s : s' : : L* : (l+ol)', 












1 : (l+c)«, 
1' : 1+20+c', 
1 : l+2o,-nearly; 
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rince cF is very small. Hence, the oo-efficient of dilatation for a 
surface is double the linear co-efficient. 

Similarly, by placing 

V = volume at 32°, and 

y' = Tolume at any other temperature, we shall have 

V : v' : : 1 : (1 + c)', 

: : 1 : l + 3o-f-3c«+c», 
: : 1 : 1 +30, nearly; 

since B(f and c^ are both very small. Hence, the co-efficient of dila- 
tation for volume is triple the linear co-efficient. 

1359*. The coefficient of dilatation increases with the tempered 
ture. — ^That the rate of dilatatiou of a solid increases as the tempera- 
ture is raised, is evident from the following consideration. In 
producing expansion, heat has to overcome the cohesive force of the 
solid. Let us represent this cohesive force by 10 ; and let there be 
added to the solid a quantity of heat sufficient to expand it through 
a space which we may call 1, and to diminish its cohesion from 10 
to 9. A second and equal quantity of heat being applied, it will 
have to contend against a cohesive force not of 10, but of 9, and will 
oonseiquently be able to produce an expansion of more than 1, and 
at the same time will still further reduce the cohesion. So that each 
successive and equal addition of heat will produce a greater degree 
of expansion ; or, technically, the co-effi^cient of dilatation increases 
with the temperature. Thus, according to the experiments of Dalong 
and Petit, the co-efficients of iron for two different ranges of tempera- 
tare are: — 

From 32° to 212° (180 degrees), ^l^. 

From 32° to 572° (540 degrees), 3^^. 

If the dilatation were uniform, the second co-efficient should have 
been triple the first, i. e., ^^^i^ ; but being somewhat greater, shows 
tiiat the dilatability increases with the temperature. 

Moreover, the increase of dilatability is unequal in different solids, 
as may be seen from the experiments of Dulong and Petit on plati- 
num, glass, iron, and copper (1361.) ; but this may be shown still 
more strikingly by determining the temperatures indicated by differ- 
ent solids when used as thermoscopic substances. If the increase in 
volume which different bodies undergo between the temperatures of 
freezing and boiling water be divided into 180 equal parts or degrees, 
it will be found that when these several bodies are further and 
equally heated, their expansions will be expressed by different num- 
bers of such pirts, and in the following proportion — the indications 
of the air thermometer, from its sensible uniformity of expansion, 
being used as the standard, of comparison. 
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TempercUurei indicated hy different Solids, 

Air. Platinfun. Oopper. Iron. Glass. 

82.0 82.0 82.0 82.0 82.® 

212.® 212.0 212.0 212.0 212.o 

572.0 592.9«> 623.8o 702.7« 667.2o 

1369.* Problem. — In connection with the compensating pendu- 
lum, we have the following prohlem : — *' Required to find the lengths 
(x and y) of two solids whose co-efficients of dilatation for one degree 
(0 and oO are known, so that the difference of their lengths shaU be 
eonstanf 

Let A = the constant difference of length ; 

And T = the rise or fall of temperature in degrees. 

Then x — y = A, i . . . . (1.) 

X4- OTX — Y — c/tyssA, 
otx---o'ty = o, 

ox — O' Y = O, 

ox = </ Y, (2.) 

Whence we obtain 

X : Y : : o' : 0; 

that is, the length must he inversely as the co-efficients of dikUatioHf 
as stated in the text (1369.). 

Again, from equation (2.) we obtain 

o' 

X = Y. 



Substituting this in (1.), we have 

0' 



r^- 


-T_AJ 














(-- 

Vo 


1), 


Y 


a; 

0' 



— 1 . 

Ott — 
Andx — 




</ — 
0* 



1894*. Absolute dilatation of liquids distinguished from the 
ujjparenL — In liquids, there are to, be distinguished two dilatations: 
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the apparent dilatatioii, and the absolute dilatation. The apparent 
dilatation is that which the liquid appears to undergo in the veaael 
which contains it — the absolute dilatation is that which the liquid 
would undergo in a vessel which should not itself suffer any dilatation. 
The rate of dilatation of mercury has been investigated with extras 
ordinary care by Dulong and Petit, Rudberg, and Regnault; and has 
been found to increase progressively with the temperature, whether 
the absolute dilatation or the apparent dilatation in glass is taken into 
consideration. This will be evident from the following tables ; in 
which the first column contains the temperatures indicated by an air 
thermometer — the second, the co-efficients of dilatation of mercury 
between the freezing point and each of the temperatures given in the 
first column — and the third, the temperatures which would be indi- 
cated by a thermometer constructed of mercury contained in a vessel 
whose expansion followed the same law as itself. 



Absolute eocpansion of Mercury , a^ccording to Dulong and Petit. 



Temperatures by 

Air Thermo* 

meter. 


€k>-effieients for 
Interrals (^Tem- 
perature. 


Temperatures in- 
dicated by Mer> 
oury, per se. 


32° 
212° 
392° 
672° 





32° 
212° 
400-3° 
697-6° 



In estimating temperatures by the air thermometer, Dulong and 
Petit adopted Gay Lussac's co-efficient of dilatation for air, which haB 
since been found too great, as stated in (1377.). 

Begnault avoided this source of error in his experiments. 

Absolute eapavmon of Mercfwry^ axxording to Regnault, 



Temperatures by 


Go«ffident8 for the 


Temperatures in- 


Ait Thermo* 


IntarralB of Temper- 


dicated by Mw- 


meter. 


ature. 


cury, per se. 


82° 


•0000000 


32° 


1220 


1(-0090120) 


121 -40 


212° 


2( -0090716) 


212-° 


802« 


8( -0091310) 


803-80 


892« 


4( -0091910) 


896-70 


4820 


5( -0092600) 
6(-0093100) 


490-90 


572« 


686-20 


6620 


7( -0093700) 


682-70 



n. 



14 
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AjotparerU expansion of Mercfury in Glass, according to DuUmg 

and Petit 



Temperatares by 

AirTheimo- 

meter. 


Go^ffloients for 

the Interrals of 

Temperatures. 


32° 
212° 
392° 

572° 






The rate of expansion of mercury, however, is sensibly uniform in 
comparison with other liquids ; and the increase in the co-efficient is 
not uniform, but varies considerably in different liquids, as may be 
seen from the following table, which is extracted from the researches 
of M. J. Isidore Pierre on this subject. 



Kames of the Liquids. 


Chemical For> 
,mul». 


Co-efflcient for 1° Cent. 


Increase 
percent, 
in the oo- 
^dent. 


:At320F. 


At the boiling 

point of the 

liquid. 


Aldehyde 

Formiate of ethvl 


C*H«0* 

C*H«0,C«H0" 

C«H»0,C*H»0» 

C*H»0,C«H»0» 

C»H'0»,H0 


•001663523 
•001325205 
•001295954 
•001258496 
•001025720 


•002121090 
•001679323 
•001687434 
•001719623 
•001598958 


28*33 
26-73 
30-21 
36-59 
65-87 


Acetate of methyl 

« ethyl 

Monohydrated butyric acid 



Pierre found, however, that two of the above liquids, namely, the 
formiate of the oxide of ethyl (formic ether) and the acetate of the 
oxide of methyl, both of which may be represented by the same 
empirical formula (C'H'O*), and are therefore examples of what is 
known in Chemistry as metamerism,^ follow the same law of con- 
traction for equal intervals of temperature, setting out from their 
respective boiling points. This may be seen from an inspection of 
the following table : — 

* This term is applied by Berzelius to two chemical compounds which 
contain the same ultimate, but 6SSexeiii proximate, elements; and such com- 
pounds occur only among organic bodies. For example, the formula 
C*H*0* wiH represent both glacial acetic acid and the formiate of methylic 
ether, the ultimate elements in each being the same ; but the proximate 
elements of the former are C*H»0" and HO — of the latter, (THO" and 
CH"0. 
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DistanM of Temperature 


Tolnme of the Formiate of 


Volume of the Acetate of 


below the boiling Point 


BtbyL 


MethyL 


Oo 


1-0000 


10000 


9 


0-9923 


0-9923 


18 


0-9848 


0-9848 


27 


0-9774 


0-9776 


86 


0-9702 


0-9703 


46 


0-9632 


0-9633 


64 


0-9663 


0-9664 


63 


0-9496 


0-9497 


72 


0-9430 


0-9431 


81 


0-9366 


0-9367 


90 


0-9303 


0-9304 


99 


0-9241 


0-9243 


108 


0-9181 


0-9183 


117 


0-9122 


0-9124 


126 


0-9064 


0-9066 


136 


0-9008 


0-9010 


144 


0-8953 


0-8966 



In experimenting upon other isomeric liquids^ Pierre found that 
they followed different laws of contraction. 

It will be noticed in the above table^ as illustrating the general 
facty that the contraction for each successive 9 degrees is less than 
for the preceding: for the first interval .0077^ and for the last .0055. 

1396.* Temperature ofmaodmum density. — The existence of a 
point of maximum density (38-8° F.) in water is of very great im- 
portance in the economy of nature ; for it is by its means that the 
ffreat mass df water in our rivers and fresh-water lakes is prevented 
m)m being converted into solid ice during our long and severe win- 
ters. To illustrate this, let us suppose that water, at all tempera- 
tores, obeys the general law of contraction from cold. The sur- 
&oe being exposed to the cooler temperature of the atmosphere, im- 
parts heat to it and contracts, and, becoming thereby specifically 
heavier, sinks, the warmer and lighter water at the bottom rising to 
take its place. This, in its turn, becoming cooled and specifically 
heavier, sinks; and thus^ by this process of circulation, the temper- 
ature of the whole mass of water would speedily be reduced to the 
freezing point. But it has been arranged, by the wisdom of the 
Creator, that, when the water at the suiface attains the temperature 
of 38.8^; it no longer contracts, but expands, from the abstraction 
of heat, and being therefore specifically lighter, remains at the sur- 
face. The circulating process ceases below 38*8°, and the warmer 
water beneath can be cooled only by its heat being conducted from 
particle to particle towards the surface. It is shown in the text 
(1522.) that liquids^ generally^ are almost absolute non-conductors 
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of heat ; and thus is explained the fact that our rivers are firozeU 
only to comparatively small depths, although the thermometer may 
stand, for many successive days, at temperatures maotk below the 
freezing point. 

Sea-water, and solutions of different salts, at different degrees of 
saturation, have also points of maximum density, which are some- 
times above, and sometimes below, the respective freezing points of 
the different solutions. M. Despretz has made the most complete 
series of reselurches on this subject, and a few of his results are 
given in the following table : — 



• 

Sabstanoe !xi Solution. 


Spedfio 

Gravity of 

Solution. 


Pdnt of Maxi- 
mum DenBity. 


Freeing 
^Point. 


Weight of the 
Substance in 
907-45 of Wa- 
ter. 


Sea-water 


1027 
1009 


^ 26-494° 
84-142 


27-4100 
29-822 


12-846 


Chloride of sodium.... 


do. 


1-018 


28-958 


27-968 


24-692 


do. 


1027 


23-450 


27-014 


87-039 


do. 




8-200 


24-260 


74-078 


Chloride of calcium... 


1-005 


87-832 


81-616 


6-173 


do. 


1-010 


86-690 


81.046 


12-346 


do. 


1-020 


82-108 


29-984 


24-692 


do. 


1081 


27.626 


24-944 


87-089 


do. 


1-060 


13-226 


22-496 


74-078 


Sulphate of soda 


1-006 


86-536 


31-028 


6-173 


do. 


1-012 


84-070 


29-948 


12-346 


do. 


1-023 


29-292 


80-506 


24-692 


do. 


1-034 


24-206 


27-698 


87-039 


do. 


1-066 


9-932 


28-094 


74078 



Pierre concludes, from his experiments, that water is the only 
liquid which has a point of maximum density ; and that, although 
such a point is obseived iir liquids which are difficult to be deprived 
completely of water, this is owing to the presence of a small quan- 
tity of water. 

1411*. The specific heat increases with the temperature. — Dulong 
and Petit found that the capacities of bodies for heat, as well as their 
dilatabilities, increased with the^ temperatures at which they were 
observed. This may be seen from the following tables, in which 
the mean capacity of water, between 82° and 212° F., is taken for 
unity. 



Mean capacity of iron from 32° to 212° = -1098 

32° to 392« = -1150 
320 to 572® = -1218 
32<» to 662® = -1266 



(( 



u 
<< 



« 



« 
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Namfli of the Sntetanoea. 


Mean Gapadtief. 


Between 32^' and 212°. 


Between 82^ and 672°. 


Mercury 

Zinc 

Antimony 

Silver 


•0330 
•0927 
•0607 
•0667 
•0949 
•0336 
•1770 


• 

•0360 
•1016 
•0649 
•0611 
•1018 
•0366 
•1900 


Copper i 

Platinnm 

Glass 



Pouillet, in experimenting by the method of mixtures, obtained 
tiie following results for platinum : — 



Mean capacity of platinnm from 32<> to 212° 
" " 32° to 672° 

32° to 932° 
82° to 1292° 
82° to 1832° 
820 to 2192° 



it 
« 

« 



<< 
« 
tt 



•03860 
•03484 
•03518 
•03602 
•03728 
•03818 



The specific heat of water itself is not, as stated in the text, uni- 
form between 32^ and'212° ; for, according to the experiments of 
Nauman and Begnault, the specific heat of water, at 32°, being 
put = 1, the specific heat at 212° is 1010. 

M. Begnault (Annales de Chimie et Physiguey 3"* smc, torn, ix., 
p. 324) has shown that the specific heat of certain liquids augments 
rapidly with the temperature. He found, for example, that the 
mean specific heat of the oil of turpentine, which is about 0*420 
between 59° and 68°, already becomes 0-467 between 68° and 212°. 
It is probable that the increase of specific heat is most marked in 
liquids whose co-efficient of dilatation is considerable ; and we ought, 
accordingly, to expect to find a much less variation for water than for 
the oil of turpentine. 

The following table contains the varying specific heats of water at 
different temperatures, as determined by the elaborate experiments 
of Begnault: — 



N 



14* 



^\MMi 


VXJt Jt J2li.l JL^JL^X* 




TAmperatnreB by the 
Air Thermometer. 


Mean Spedllo Heat between 
32° and the given Tempera- 
ture. 


BpctMo Heat at the Tem- 
perature. 


82° 


1-0000 


1-0000 


50 


1-0002 


1-0006 


68 


10005 


1-0012 


86 


1-0009 


1-0020 


104 


1-0013 


1-0030 


122 


10017 


1-0042 


140 


1-0023 


1-0056 


168 


1-0030 


1-0072 


176 


10035 


1-0089 


194 


1-0042 


1-0109 


212 


1-0050 


1-0180 


230 


1-0058 


10163 


248 


1-0067 


1-0177 


266 


1-0076 


1-0204 


284 


10087 


10232 


802 


1-0097 


1-0262 


820 


1-0109. 


1-0294 


338 


10121 


1-0328 


356 


10133 


1-0364 


874 


10146 


1-0401 


892 


10160 


10440 


410 


10174 


10481 


428 


1-0189 


1-0624 


446 


1-0204 


1-0668 



1426*. Specific lieat of saline solutions. — Person has shown : — 

Ist. That the specific heat of saline solutions is always less than that 
of its components ) that is to say, less heat is always required to 
heat a solution, than to heat separately the water and the salt 
which compose it. It is to he remarked, however, that this 
simple relation obtains only when wo consider the salt in the 
liquid state; there 'is no regularity when it is supposed that the 
salt preserves; in the solution, the specific heat proper to the solid 
state. 

2d. That the reduction of the specific heat has no relation to the 
affinity. For example, it must not be expected to be greater with 
the chloride of calcium, which has so strong an affinity for water, 
than with any other salt which has a much less affinity for that 
liquid. 

8d. That the diminution of specific heat has no relation to the dimi- 
nution of volume which takes place at the saine time. 

1452*. Refractory bodies. — M. Despretz, of Paris, has recently 
been engaged in a series of experiments for the purpose of deter- 
mining the efiects, upon some of the more refractory bodies, of the 
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intense heat obtained bj ooncentrating, npon one object, the heat 
of two powerful galvanic batteries ; one consisting of 600 of Bun- 
sen's elements, and the other of 135 of Munke's. He has, in this 
way, succeeded not only in fusing, but in volatilizing, charcoal; 
and the pieces of charcoal fused by him have, in some instances, 
exceeded in sisse a large pea. 

He also observed that charcoal, submitted to the action of this 
intense heat, became converted into graphite ; a &ct of great interest 
in a geological point of view. 

1479*-80*. Saturated solutions, — Sulphate of soda is not, as 
might be inferred from the text, the only exception to the general 
£iGt, that the solubility of different substances, in water, increases 
with the temperature. With regard to their solubility in water at 
different temperatures, substances may be divided into the following 
classes: — 

1st. The same quantity is dissolved at all temperatures. — This is 
the case with common salt. 

2d. The quantity dissolved continually increases vnth the tenvpera- 
ture, — This is by far the most common case 3 and the^ solubility 
may increase in direct proportion to the temperature, or much 
more rapidly than the temperature. 

For example, 100 parts of water, at 32°, dissolve 29*23 of chlo- 
ride of potassium, and an additional 0*1521 for each additional 
degree of temperature. Hence, the solubility at 104° is equal to 
29-23-f72x 0-1621 = 40-18. Similarly, with regard to the sul- 
phate of potassa and the chloride of barium. But the solubility of 
the nitrate of potassa increases much more rapidly than the tem- 
perature. 

8d- The solubility of the substance decreases as the temperature 
rises. — This rare peculiarity is exhibited by lime, citrate of lime, 
butyrate of lime, and sulphate of cerium — solutions of which 
substances, saturated in the cold, deposit part of the dissolved 
matter when the temperature is raised. 

It may be regarded as almost a law for bodies in the gaseous form 

4th. The solubility first increases, and, attaining a maximum at a 
certain point, diminishes slowly and continuously, as the tem- 
perature rises, — This is the case with the sulphate of soda. 
Among gaseous bodies, chlorine furnishes a striking example. 

Thus, 100 cubic inches of water at 32° dissolve 146 of chlorinft 
** " 48.2° " 300 " 

** *« . 62-6° " 237 " 

« u 950 n 160 «« 
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15iJ; ^. .Lt\\>iU heat of wcUery vapour, — Before the publicatkon 
of the oarcial aiid elaborate researches of Regnaalt, varioiui experi- 
menters eiidcavoured to establish one or other of two laws with 
regard to the latent heat of watery vapour; namely, WMs Law^ and 
Southern* 9 Law, 

Watt assumed, as stated in the text (1511.), that the quantity of 
heat which must be/umiihed to a pound of waiter, to convert it into 
vapour, under an^ pressure whatever, is constat; in other words, 
that tJie sum of the latent and senMhle heats is constant. 

This proposition, known as the Law of Watt, can only be consi- 
dered as an hypothesis of that celebrated man, for he did not attempt to 
establish it by direct experiments; only one experiment, and that a 
very imperfect one, as he himself ad mite, haying been made by him. 
Southern and Creighton, who instituted more extensive experiments, 
in 1803, concluded that the latent heat is constant under oMpre^ 
sures; and that the total heat is to he obtained by adding to the 
constant latent heat the temperature of the steam. 

This proposition is known as Southern* s Law; and necessarily 
includes the proposition that the total heat increases equally with the 
temperature — a conclusion which was apparently confirmed by the 
experiments of Despretz and Dulong. 

Machinists, however, generally adopted Watt's Law, which was 
very convenient for their calculations, and which, moreover, seemed 
to be confirmed by the fact that it required about the same quantity 
of combustibles to produce a pound of steam under a high or a low 
pressure. 

The results of Kegnault's experiments, stated in the text, show 
that neither the law of Watt nor that of Southern is correct; but 
that the increase in the sum of the latent and sensible heats is very 
nearly three-tenths of the increase of temperatures. 

It will be perceived that the statement in the text (1497.), that a 
vapour cannot be reduced to the liquid state by mere compression, as 
well as the example by which it is illustrated in (1498.), imply the 
truth of Watt's law, and therefore require to be slightly qualified. 
The total heat of vapour at 68° is IISS^*' ; and when the tempera- 
ture is raised by compression to 212°, the latent heat will be only 
1135-4° — 212° = 923*4°, a quantity somewhat less than is required 
for the maintenance of the vaporous state at 212°. Hence, a por- 
tion of the vapour will be condensed into a liquid by mere compres- 
sion, and, imparting its latent heat to the remaining vapour, will 
enable it to retain that form. 

1522*. Liquids do conduct heat. — It was long a debated question 
whether liquids conduct heat at all. Experiments, similar to 
those mentioned in the text, (1522.) and (1400.), were inconclusive; 
for, when the ice at the bottom of the vessel melted, as sometimes 



APPENDIX. 165 

happened, it was alleged that this result was produced by heat con- 
dnoted downwards, not by the water, but by the sides of the vessel. 
This source of doubt was happily avoided in an experiment of Dr. 
Murray, of Edinburgh. A vessel was constructed of ice, and filled 
with oil at 82^ ; and, heat being applied above, it was observed that 
a thermometer at the bottom of the vessel rose 5^ degrees in seven 
minutes. Liquids, then, do conduct heat, but very imperfectly; 
and, although no accurate numbers have been obtained, their con- 
ducting power appears to be generally in proportion to their density 
— mercury being the best liquid conductor, and alcohol and ether 
among the worst. 

1556*. InfivjefM^e of swrface on radiating power. — The diminu- 
tion of radiating power which ordinarily accompanies increased polish 
of sorfiice, is not a consequence of the polish, per se, but of the 
increased density of the outer surface, produced by the act of polish- 
ing ; and the effect of roughening a polished surface of metal is to 
be ascribed to the removal of the outer and denser coating. 

For examj^e, Melloni found that cast silver, which is less dense 
than hammered silver, has, with the same polish of surface, one- 
third more radiating power. 

He found also that the radiating power of the hammered silver is 
inereased, while that of the cast is diminished, by scratching, which, 
it may be remarked, diminishes the density of the first, and increases 
that of the second. 

It was formerly supposed that the radiating power of a surface 
was somewhat influenced by its colour; dark-coloured surfaces of the 
same nature being better radiators than lighter ones. This was 
hastily inferred from the experiments of Sir John Leslie, and was 
apparently confirmed by those of Professor Stark; but the more 
recent experiments of Professor A. D. Bache have placed it beyond 
doubt that the radiating power of a surface is not affected, at least 
in an appreciable degree, by its colour. 

1558*. Absorbing power of the same surface different for heat 
coming from different sources. — MM. de la Prevostaye apd Desains 
have shown that the absorbing power of a surface is not the same 
for heat of all temperatures ; in other words, that the nature of the 
heat has an effect on the quantity of heat absorbed. 

This may be seen from the following table : — 
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AJbtorbing powers of polished Metals for Heat from differtfiU 

Sources. 



Metals. 



Steel 

Speculum metal 

Platinum 

Zinc 

Tin 

Brass 

Gold 

Silver plate, very bril- 
liant 



Sooroe of the Heat. 



Sun. 



0-42 
0-34 
0-39 



018 
0-08 



Argand 
Lamp. 



0-34 
0-30 
0-30 
0-32 
0-32 
0-16 



0-036 



LocateUi 
Lamp. 



0175 

0-146 

0-17 

0-19 

0-16 

007 

0-046 

0026 



Lamp of 

saJted 

AloohoL 



012 
014 

0-06 



Oopper Plate 
at7d20. 



0105 



0055 
0045 



These values are applicable^ or very nearly sO; to all angles of 
incidence between 0° and 70°. 

1560*. Intensity of reflection influeruxd hy the nature of the 
heat — MM. de la Prevostaye and Desains have fonnd that the 
quantity of heat reflected from surfaces is dependent, not only on the 
nature of the reflecting surface, and the angle of incidence, but also 
upon the refrangibility of the heat, its being polarized or not, and 
the direction of the plane of polarization. 

A few of their results are given in the following tables^ to illus- 
trate the above statement. 

I. Seat from the red extremity of the Spectrum polarized paraUdfy 

to the Plane of Incidence. 



Angles of 
Incidence. 


Intensity of the Beflection on 


Speculum Metal. 


.. . _ . ^ 
Platinum. 


30° 

50 

70 

72} 

76 


0-65 
0-74 

0-87 


0-65 
0-72 

0-856 
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Same JEkai pdarized perpendicularly to the Plane of Incidence. 



Angles of 
Inddenoe. 


Intensi^ of the Reflection on 


Specolom Metal. 


Platinum. 


80<» 
60 • 
70 
72} 
76 


0-62 
0-577 

0-426 


0-588 

0-61 

0-427 

0-40 



These results show that the intensity of reflection augments with 
the angle of incidence for heat polarized parallellj to the plane of 
incidence, while it diminishes for heat polarized perpendicularly to 
that plane. 

H. Unpolarized Heat reflected at an Angle of Incidence = 70**. 



BeAwngibility of the Bays. 


Intensity of the Befleotion on 
— _ A 


SteeL 


Platinnm. 


Zinc. 


Speculum Metal. 


Brass. 


Kays fh>m the green 
part of the spectmm 
Bajp from the red part 
Kays taken from the 
inTisible part of the 
spectrum, at some 
distance from the red 


0-76 


0-59 
0-60 


0-66 
0-60 


0-68 
0-66 


0-63 
0-76 

0-90 




- 



This table shows how a difference in the refrangibility of the rays 
affects the reflecting power of a Icnetal, the angle of incidence 
remaining the same. It ftiay be seen^ from a mere inspection, that, 
for certain metals, brass, for example, the intensity of the reflection 
varies greatly with the degree of refrangibility of the ray employed. 
For others, on the contrary, such as steel and platinum, the rays from 
all parts of the visible spectrum ai'e reflected in the same proportion. 
Notwithstanding these differences, however, it was found by the 
experimenters that, for all the mirrors employed by them, the inten- 
sity of the reflection was much increased when they operated on 
invisible rays, taken in the calorific spectrum, at some considerable 
distance from the red. 

The preceding results were obtained by experimenting with solar 
heat ; but the heat derived from lamps was found to be subject to 
the same laws. 
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HE. Heat from an Argand Lamp polarized jparaild^ to the Flane 

of IncidisTice, 



Angles of 
Indd^noe. 


Beflecting powers of 


Speculum Metal. 


SteeL 


Platinum. 


Tin. 


Zinc 


surer. 


Brass. 


30O 

60 

60 

70 

76 


0-70 to 0-73 
0-765 to 0-78 
0-82 
0-847 to 0-86 
0-885 to 0-895 


0-69 
0-77 

"6^87" 
0'90 


0-677 to 0-698 
0*77 


0-60 

0-785 
0-837 
0-888 


0-665 

"o-'S" 








0-837 
0-865 



Sams Seat polarized perpendicvlarli/ to the Plaiie of IwyidefnJU. 



Angl B of 
Inddenoe. 


Beflecting Powots of 


Speculum Metal. 


Steel. 


Platinum. 


Tin. 


Zinc 


SilTer. 


Brass. 


300 

60 

60 

70 

76 


0-666 to 0-70 
0-624 to 0*66 
0-60 
0-50 to 0-52 
0-426 to 0-46 


0-62 
0-66 


0-665 to 0-685 
0*62 to 0-648 


0-634 

0-62 

0-60 

0-646 

0-496 


0-Q76 
0-055 

0-60 
0-656 


•••••■••• 

o^sS' 


0-81 
0-7S8 

0-788 
0-72 


0-42 
0-66 


0-627 
0-44 to 0-46 



These tables show that; for heat polarized in the plane of inci- 
dence, the reflecting power increases with the angle ; and that, for 
h^at polarized perpendicularly to that plane, it £mini8hes as the 
angle increases up to 76®. 

1669*. On the transmissihility of heat. — It is stated in the text 
that the transmissibility of heat increases with the temperataie of 
the source from which it is radiated ; but this statement is neither 
accurate nor discriminating. 

It has, indeed, been directly disproved by Knoblauch, by a series 
of experiments on hydrogen flkme, an Argand lamp, the flame of 
alcohol, and red-hot platinum, whose tendperatures are in the order 
of enumeration, beginning with the highest. He found that the 
heat of the hydrogen flame, and the red-hot platinum, notwiUistand- 
ing the great difference in their temperature, is capable of passing 
through a plate of colourless glass 1*3 millim. thick to an equal extent, 
but that the heat of the alcohol flame possesses this power in a less 
degree than that of the red-hot platinum, although its teipperatnre is 
higher than that of the latter; and the heat of the Argand lamp in 
a much greater degree than that of the hydrogen flame, notwith- 
standing its temperature is decidedly lower. 

When the glass screen was exchanged for a plate of alum, 1*4 
millim. in thickness, it was found that the heat of the hydrogen and 
alcohol flame, with great differervce in the temperature^ passed 
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tibroogh the plate of alum to the same extent; and that the heat of 
the Argand lamp, and even that of the red-hot platinum, passed 
through mare copiously than the heat of the hydrogen flame, 
although their temperature is far less. 

It is evident that the transmission of heat through diathermanons 
bodies has no relation to the temperature of the source, in the cases 
cited above. 

To render the result as decisive as possible, M. Knoblauch also 
observed the transmission of the heat emitted by radiation from one 
and the same body, at different temperatures, from 100° F. to a 
white lieat; and thus placed it, experimentally, beyond all doubt, 
that the passage of radiant heat Uirotigh diathermanons bodies is 
not directly proportional to the temperature of the source, hut 
depends only on the structure of the diathermanons substance — each 
suistance being penetrated by certain rays of heat more readily than 
by others, whether those rays are emitted at a higher or lower tem- 
perature. 

Rays of heat differ in their refrangibility as do the rays of light; 
and each diathermanons substance is chiefly permeable to rays of a 
certain refrangibility. Hence the mere proportion or per-centage of 
heat transmitted by a screen is not the essential characteristic. To 
take the per-centage, simply, is ambiguous ; for the body of rays is 
not homogeneous. Nor is the ambiguity removed by referring to 
the difference of source ; for rays from the same source are hetero- 
geneous, including rays of all degrees of refrangibility. Heat, 
emitted from bodies at a low temperature, consists chiefly of the less 
refrangible rays; and the higher the temperature of the source, the 
greater is the number of the more refrangible rays emitted from it. 

Rock-salt, coated with lamp-black, transmits the less refrangible 
rays, and hence is more permeable to heat of a low than of a high 
temperature. This is seen from the following table, which contains 
the results of transmitting, through a plate of coated rock-salt, 
radiant heat from a Leslie's cube at 212° F., red-hot platinum, the 
flame of alcohol, and an Argand lamp. The quantity of heat trans- 
mitted is measured by the number of degrees to which the needle is 
deflected. 



Diathermanoas Sabstanoes. 


Deflection 

by direct 

Radiation. 


Deflection by transmission of Heat from 


r 

Leslie's 
Cube, 
2120. 


Red-hot 
Plati- 
num. 


Flame of 
Alcohol. 


Argand 
Lamp. 


Rock-salt coated with 
lamp-black — thickness 
of plate — 2-9 milli- 
metre 


20? 
26 
30 
36 


13 

14-25 
16-76 
20-25 


11-75 
13-75 
16-60 
19-60 


11-76 
13-50 
16-26 
19-26 


10 
12 

13-76 
16-60 





II. 



15 



170 APPBNDIX. 

Water, on the contrary, transmits the more refrangible rays, ab- 
sorbing those which are less refrangible ; and hence may be explained 
the effect of a stratum of water in altering the position of the point 
of maximum heat in the solar spectrum. When the light of the 
Ban is transmitted through a prism of crown-glass, which throws the 
maximum of heat into the red, and the dark part of the heat- 
spectrum situated beyond the red is divided into six zones, the outer- 
most of which shows the same temperature as the violet, the next 
the same as the indigo, &c., it is found, on interposing a film of 
water, 1 millim. in thickness, between the prism and the spectrum, 
that the proportional diminution in the heating power is greater and 
greater; as the distance from the violet increases. 

t§ a ^ d S |> Zone. 

^>^SoN(5{§ 1. 2. 8. 4. 6. (V. 

Without the film of water.. 2° 6° 9P 12P 2&o 2aP S2P 2SP 25° 12P V> IP V 
With the film 2 4-5 8 10 20 21 20 14 9 3 1 Orfi 

This explains the. fact, stated in (1547.), that the maximum of 
heat is found in different parts of the spectrum, according to the 
nature of the prism. The smaller the number of calorific rays which 
any substance transmits, whilst it retains the less refran^ble rays, 
the more nearly does the maximum of heat in the E^ctrum, formed 
by a prism made of that substance, approach to the violet. 

With respect to the radiating powers of different substances at 
the same temperature, Knoblauch confirms the law laid down by 
Melloni, and already stated in this Appendix (1556*.), viz., thai 
the radiating power of a hody is inflv,enced, hy scratching its sur^ 
facey only in so far as its density and hardness are thereby dUftred. 
Knoblauch likewise observes that the equality of the radiating ancl 
absorbing powers is absolutely true as regards one and the saiyiQ 
body ; but that, with respect to different bodies, it cannot be main- 
tained that a body which, at a certain temperature, exhibits a higher 
radiating power than another, necessarily, also, possesses a greater 
absorbing power; — ^for the proportion between the quantities of heal 
absorbed by two bodies varies with the nature of the calorific rays. 

1581*-! 582*. — Heat developed or absorbed in chemical combu 
nation. — The development and absorption of heat, which accompany 
the action of chemical affinity, are, in the text, ascribed either to a 
change of specific heat, or to an evolution or absorption of latent 
heat, consequent upon a change of state. 

These causes are entirely inadequate, as will be evident from the 
following facts and considerations. 

We must, in the first place, distinguish between the cases in which 
there is development of heat from those in which cold is produced. 
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Hett is always eyolved where the action of chemical affinity is defi- 
nite ; that is to say, where it results in the formation of a definite 
oomponnd; — as water, e. g,j from the union of hydrogen and oxygen. 
Cold, on the contrary, is produced only when the action of affinity is 
indefinite, as in the case of the solution of a solid in a liquid, where 
no definite compound is formed. 

L The heat developed hy the definite action of chemical affinity 
cannot he explained either hy diminution of specific heat, or hy 
the evolution of latent heat^ consequent upon a change of state. 

(a) Because, in the first place, the formalion of definite chemical 
compounds is often attended with an actual increase of specific 
heat, so that the result would be a production of cold, if heat were 
not developed from some other cause. 

Thus, 1 pound of hydrogen, of 3-2936 specific heat, combines, under 
the most violent evolution of heat, with 8 pounds of oxygen, of 
specific heat 0*2361, producing 9 pounds of watery vapour, of 
spedfio heat 0*3470, — ^whereas calculation gives 

3.2936+8x0-2361 _ Q.c^rg 

y 

as the mean of the two specific heats. If, then, watery vapour had 
a specific heat = 0-5758, the quantity of sensible heat in the 
hy<ux)gen and oxygen gases together would be exactly sufficient to 
bring the watery vapour to the same temperature as the gases 
themselves; but since the actual specific heat of watery vapour is 
0*847, the quantity of sensible heat in the gases is not sufficient 
for this purpose ; and if heat were not developed from some other 
cause during the combination of oxygen and hydrogen, the vapour 
produced would be much colder than the two gases before combi- 
nation. 
(5) And because, in the second place, the formation of such com- 
pounds is often unaccompanied by either change of state or con- 
densation, and in many cases there is even a passage from the 
solid or liquid to the gaseous state. 

When two gases, in combining, pass into the liquid or solid state, 
there is, according to the principles developed in the text, an evolu- 
tion of the latent heat which was essential to their assumption of 
that state; and similarly, there must be evolution of latent heat, 
when two liquids combine to form a solid. But the heat evolved in 
combustions, and other combinations, is often intense ; and the latent 
heats of gases and liquids, in comparison with such developments of 
heat, are small. Moreover, as already stated, the combination is, 
in many cases, not attended with condensation ; for example, in the 
eombostion of charcoal and sulphur in oxygen gas, and of hydrogen 



172 APPENDIX. 

in chlorine gas. But, what is still more oonolusive^ gaseous products 
are formed from solid bodies, great heat being at the same time 
evolved, as in the explosion of gunpowder, of nitre with charcoal, &o. 

In fact, the present state of science compels us to admit as an 
ultimate fact, not capable of further explanation, that the definite 
action of chemical affinity is always attended with evolution of heat. 
Heat, light, electricity, and affinity,, are great natural forces, so mu- 
tually correlated that each, under proper circumstances, may produce 
or modify all the others. 

Perhaps the most striking illustration of the entire inadequacy of 
the two aforesaid reasons to explain the production of heat in definite 
chemical combination, may be found in the following facts. Two 
volumes of nitrogen and one volume of oxygen are condensed, in 
the formation of nitrous oxide, into two volumes. The resolution^ 
therefore, of this compound into its elements should he productive of 
cold. But MM. Favre and Silbermann found that the heat disen- 
gaged by the combustion of wood-charcoal in nitrous oxide exceeded 
the heat due to its combustion in pure oxygen. In pure oxygen, 
the combustion gave 14544 units of heat, while that in nitrons oxide 
gave 19623. Hence we draw the conclusion that the oxygen and 
the nitrogen of the nitrous oxide, in separating, and, at the same 
tim>ef enlarging their volume hy one-half disengojge heat*, a conclu- 
sion consistent only with the assumption that the action of chemical 
affinity is, per se, productive of heat. 

n. The cold produced hy the indefinite action of chemical affinity , 
as in the solution of a solid in water, is explained hy the absorp- 
tion of latent heat in the liquefaction of the solid. 

This is sufficiently enlarged upon in the text (1467.) ; but the 
results of Person!s researches on the specific heats of saline solutions, 
as already stated in this Appendix (1426'*'.), and perhaps also the 
heat produced by the action of the feeble affinity which brings about 
the solujiion, must form a part of the explanation. 
- The mutual reaction of concentrated sulphuric acid and snow con- 
stitutes a case of peculiar interest. The acid, by its affinity for 
water, necessitates rapid liquefaction of the snow; and this lique- 
faction is productive of cold, from absorption of latent heat. But 
the combination of the acid with the water thus produced evolves 
heat ; and it is only the relative proportions of the two ingredients 
which determine whether there shall be elevation or depression of 
temperature. There will be the former when the heat which results 
from the action of affinity exceeds the cold produced by the liquefac- 
tion of the snow, and vice versd. Thus, if 4 parts of the concen- 
trated acid are rapidly agitated with 1 part of snow or pounded ice, 
the temperature will rise to 212** F.; but, if we mix 1 part of acid 
with 4 parts of ice, the temperature will fall to — 4°. 
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The lieat developed in the combination of several aoida with water, 
has been investigated by Hess and Graham ; and a few of the resolto 
obtained by the former are given in the following tables : — 

L JSeait diimgaged by the hydration of Su^huric Acid, according 

to Mess. 

CJompositioii of the 
Aclil employed. Units of Heet. 

SCy gives, with HO, 12,432= 8 x 1564 

HajSO* " HO, 3,108= 2x1654 

2H0,S0' " HO, 1,554= 1x1554 

3H0,S0» " 3H0, 1,654= 1x1554 

6H0,S0* « JB*HO, 1,554= 1x1554 

20,202=13x1554 

In this table, when it is -said that one atom of snlphnric aoid 
(SO"), in combining with one atom of water (HO), produces 12,432 
nnits of heat, it is to be understood that 40 parts of sulphuric acid 
(= 1 atom) develop in this combination a quantity of heat sufficient 
to raise the temperature of 12,432 parts of water from 32^ to 33^« 

n. JBisat disengaged by the hydration of Nitric Add, according 

to- Hess. 

Oompo(dtkm of the 
Acid employed. Units of Heat 

HO,NO* gives, with HO, 1554 = 1 x 1554 
2H0,N0* " HO, 1554 = 1 x 1554 
3H0,N0* " 2H0, 1554 = 1 x 1554 
5H0,N0« i< HO, 777 = ix 1554 

6H0,N0» « 2H0, 777 = ix 1564 
8H0,N0* " xUO, 1554 = 1 x 1554 

7770 = 5 X 1554 

By comparing this with the preceding table, it will be seen that 
monohydrated sulphuric acid (H0,SO*) and monohydrated nitric 
aind (HO,NO^) develop, on the whole, the same quantity of heat 
(7770 units), in combining with V^ater. 

Andrews has examined, particukrly, the reciprocal actions of acids 
and bases; and his experiments tend to establish the following laws, 
which merit the attention of physicists and chemists. 

1st. Law ofa^cids, — An equivalent oi different acidsy in combining 
with the same bascy disengages very nearly the same quantity of 
heat. 

* That is, with such a quantity of water that any further addition would 
produce no more development of heat. 

16* 
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2^. Law of hoses. — An equivalent of different bases, in comlnning 
with the same acid, disengages different quantities of heat 

3d. Law of acid salts. — ^When a neutral salt is converted into an 
acid salt, by combining with one or several equivalents of acid, no 
change of temperature is observed. 

4th. Law of basic salts. — ^Whep a neutral salt is converted into a 
basic salt, the combination is accompanied by a disengagement of 
heat. 

Mr. Andrews, however, has himself stated some remarkable ex- 
ceptions to the above laws. Thus, the peroxide of mercury gives 
the same disengagemei^t of heat with nitric and T^ith acetic acid ; 
but with the hydrochloric, hydrocyanic, and hydriodic acids, it dis- 
engages three times, five times, and nine times more heat. 

1594*. JSisat of comhustion. — MM. Favre and Silbermann have 
deduced, from their researches, a very interesting law relative to the 
heat of combustion of the carburets of hydrogen of the formula 
(C^H*)" ; and this law may be thus expressed : — 

For every time that the elements of the carburet (C^H*) erUer once 
more into the cotistitution of a new polym,eric^ carburet j the heat 
of combustion diminishes 67*5 units of heat. 

Let us take, for example, the difference between the heat of com- 
bustion of C*°H'° (amylene) and of C^H*° (metamylene), and divide 
by 15 ; for C^°H'H (C^H')*'^ = C^H^°. This will give us 

20683-8 — 19671-3 1012-5 ^^ , 
15 = -^-=67-5. 

There are 14 carburets, known or unknown, which may be 
inserted between C^'^H*® and 0°H**; and the application to them of 
the law of Favre and Silbermann may be best seen from the following 
table : — 

*Two or more compounds, possessing different physical and chemical 
properties, and composed of the same elements in the same proportion, are 
said to h^ polymeries when their differences may be explained by supposing 
that their compound atoms contain different numbers of simple atoms. 
Thus, amylene (C*"H*") and metamylene (C*°H*°) are polymeric compounds 
of carbon and hydrogen. 
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Series of Lo-equivalerU Carha-hydrogens. 

Hnlifples. Units of Heat 

(CFBF) 5 (amylene) 20683 -8 

6 20616-3 = 20683-8 — (1x67-5) 

7 20548-8 = 20883-8 — (2 x 67-5) 

8 20481-3 = 20683-8 — (3x67-5) 

9 20413-8 = 20683;8 — (4 x 67-5) 

10 (paramylene)... 20346-3 = 2068^8 — (5 X 67-5) 

11 20278-8 = 20683-8 — (6x 67-5) 

12 20211-3 = 20683-8 — (7x67-5) 

13 20143-8 = 20683-8 — (8x67-5) 

14 20076-3 = 20683-8 — (9x67-5) 

15 20008-8=20683-8 — (10x67-5) 

16 (cetene) 19941-3 == 20683-8 — (llx 67-5) 

17 19873-8=20683-8 — (12x67-5) 

18 19806-3=20683-8 — (13x67-5) 

19 19738-8 = 20683-8 — (14x67-5) 

20 (metamylene).. 19671-3 = 20683-8 — (15 X 67-5) 

The heat of combustion of olefiant gas (C^H^)^; calculat^ by the 
law, should bO; 

20683-8 + (3 X 67-5) = 20886-3, 

a number which evidently differs somewhat from that obtained by 
experiment, which is 21344. (See table, p. 142.) This discre- 
pancy is no doubt caused by the latent heat of vaporization of the 
olefiant gas. 

Liebig, in his New Letters on Chemistry, has pointed out the 
existence of a similar law with regard to the boiling points of certain 
chemical compounds, which differ in composition only in the number 
of times that the carbo-hydrogen, C*H*, enters into their consti- 
tution. 

Wood-spirit (methylic alcohol) boils at 138-2**, the spirit of wine 
(ethylic or ordinary alcohol) at 172-4°, and the oil of potato-spirit 
(amylic alcohol) at 275°. If we compare together these three 
points of ebullition, we shall find that ordinary alcohol boils at 
34-2 degrees (138-2° +34-2° =172-4°), and the oil of potato-spirit 
at four times 34-2 degrees (138-2° +4x34-2 =275°) above the 
boiling point of wood-spirit. It will be seen from the following 
table, in which the formulae of these three alcohols are given, that 
each fixation of the carbo-hydrogen, C^H', corresponds to an elevation 
of 34-2 degrees in the temperature of ebullition. 

Names of the AlooholB. FormiQse. lulling Points. 

Wood-8pirit.» C»H*0> 138-20 

Spirit of wine C*H«0« — Cr»H*0» + 1(C*H*) 172-40 =. 188-20 + 1 X S4-20 

OU of potato-fpirit C»H«0« — C»H*0» + 4{0«H«) 276o — lS8-2o + 4 X ^'^ 
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Each of these alcoholic liquids^ placed in the same conditionSi 
giyes, by oxidation, a particular acid : wood-spirit is converted into 
formic acid, the spirit of wine into acetic acid, and the oil of potato- 
spirit into valerianic acid. In their torn, these three acids have each 
a constant point of ebullition : formic acid boils at 178-2^ F., acetio 
acid at 212*4^; and valerianic acid at 315°. If we compare together 
these three degrees, it will immediately he perceived that they pre- 
sent the same relation as the boiling points of the liquids from which 
they are derived. In fact, acetic acid boils at 34*2 degrees, and vi^ 
lerianic acid at four times 34*2 degrees above the boiling point of 
formic acid. The following table, in which are given the formulae 
of the three acids, with their corresponding points of ebullition^ 
shows that, with respect to them also, each fixation of the carbo- 
hydrogen, C'H^, corresponds to an elevation of 34*2 degrees in the 
temperature of ebullition. 

Names of the adds. Foriiiiil». Boiling l^ints. 

Formic acid C»H«0* 200^2o 

Acetic add C*H*0« -» C«BPO* + 1(C*H«) 2M4P . 210SP + 1 X 84-20 

Valerianic add 0»»H»»0* — C=H«0* + 4((?»H«) 847-<» — 210-2O + 4 X 84-2P 

Experiment proves, indeed, the constancy of this relation between 
bodies belonging to the same chemical gi^oup, and, consequently, the 
possibility of deducing the composition of a body from its boiling 
point. 

The formiate of methyl, for example, boils at 96*8°, and the for- 
miate of ethyl at 131°. The difference between these two points is 
34*2°. This indicates that the first body differs from the second by 
the carbo-hydrogen, C'H^ ; and this is confirmed by analyses, as may 
be seen from the following table : — 

Names of tiie Substances. Formulss. Boiling Poinii. 

Formiate of methyl..... C*H*0* W-9P 

Formiate of ethyl C»H«0* = C*H*0* + 1(C«H«) 131-o -= 96-8 + 1 X W-SP 

The following are additional examples : — 

Butyric acid boils at 312-8^ ; and this point of ebullition is ex- 
actly three times 34*2^ above the boiling point of formic acid. Now. 
on comparing the formulae of formic and of butyric acids, we find 
that butyric acid may be considered as formic acid plus three times 
C*H«. Thus : — 

Formic acid = CH^O* 

Butyric acid == C«H«0* = C'H20^ + 3(C«H2). 

Toluidine and aniline are two organic alkalies of a composition 
such that the former differs from the latter only by the fixation of 
C*H*; and we accordingly find that the boiling point of toluidine is 
superior to that of aniline by 34*2°. 

It is impossible not to see, in these relations, a natural law ; and 
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it 18 beymid doubt that the properties of a body have some definite 
eoimection with its chemicaJ constitution — any change in the latter 
involving a corresponding change in the former. 

MM. Favre and Silbermann have also shown that the quantity of 
heat evolved in the combustion of isomeric bodies is not the same ; 
in other words, that isomerism does not involve equality in heat of 
combustion. 

This will' be evident from the following tables : — , 

I. J&omenc Bodies comprised under the Formula (CH*)"-!-©*. 

.psn,xa^4 5 Acetic acid 6809 units of heat 

{Kjti)-\j ^ pom^ate of methylene 7664-6 " 

f Metacetic or propionic acid 8406 <* 

(CrBP)^)^ Formic ether 9602-2 " 

(Acetate of methylene 9619-2 " 

/P«w«N«n* 5 Butyric acid ^ 10164-6 " 

(I. u j-u-^ Acetic ether 11327-4 " 

/n»T¥«Mn4 J Valerianic acid 11690-2 «' 

{KjS±)'\i < B^tyrate of methylene 12238-2 «« 

rCaproicacid 12600 " 

(CH»/0*^ Butyric ether 12763-8 « 

(Valerianate of methylene 13276-8 " 

f (Enanthylic acid 13374 " 

(C«H*)»ON Valerianic ether 14103 " 

( Acetate of amylene 14347-8 " 

m; u \ ValeramyUo ether 16379-^ " 

H. Isomeric Carho-Hydrogens comprised under the Formula 
1. T^r^Wne CTH" 19191-6 units of heat 



2. Oil of turpentine (TW* 19533-6 

8- Oil of lemons C"fl* 19726-2 



ii 



II 



The difference in the heali of combustion, in each of the several 
groups of isomeric bodies given above, is to be ascribed to differences 
in molecular arrangement, and in the degree of condensation. 

The alcohols constitute a well-marked chemical family, being all 
represented by the formula (C*H*)''-f 2H0. Thus : — 

Wood-spirit (methylic alcohol) = C»H*0* = (C*H«)' + 2H0 

Spirit of wine (ethyUc alcohol) = C*H«0* = (C*HT + 2H0 

Oil of potato-spirit (amyUc alcohol) = C"H"0* = (C'H')! + 2H0 
Ethal (ethaUo alcohol) i = C"H»»0' = (C«H») • + 2H0 

In the following table, which is taken from the researches of MM. 
Favre and Silbermann, are given the units of heat evolved in the 
combustion of these and all. the alcohols, known or unknown. 
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Tallies 


Units of 


DiffarvniBes tMtweem 


Ofn. 


Heat. 


two oonaeioatiTe Terms. 








X 


1 


9542-7 


9642-7 


2 


12981-2 


8388-5 


8 


14436 j 


1504-8 


4 


15408 


972 


6 


16125-5 


717-6 


6 


16682 


606-5 


7 


17064 


482 


8. 


17424 


860 


9 


17730 


806 


10 


18000 


270 


11 


18284 


284 


12 


18441 


207 


18 


18621 


180 


14 


18792 


171 


15 


18968 


171 


16 


19132-6 


169-6 


17 


19301-4 


168-8 


18 


19468-8 


167-4 


19 


19638 


169-2 


20 


19800 


162 



Snlphur is an allotropic bodj^ presenting several modifieationSi 
either in its crystalline form^ or in its other physical properties; 
for example, it crystallizes in two incompatible forms, and may be 
obtained also in a soft and amorphous state. It is, moreover, easy to 
cause, artificially, the passage from one modification to another ; and 
hence, the combustion of sulphur in its different states, by oxygen, 
offers a case of peculiar interest. The results obtained by MM. 
Favre and Silbermann u*e given in the following tables. 

I. First Series of Experiments, 

Units of Bast. 

1. Sulphur, melted seven years before the experiment 8990*24 

2. Sulphur prepared in the soft, amorphous >8tate, three 

months and a half before the operation 8984-84 

8. Sulphur crystallized from the bisulphuret of carbon 4006*44 

4. Native sulphur, from Sicily, in very fine crystals, of a pure 

yellow colour 8997*62 

Mean of the first series, 8994-78 
II. Second Series of Experiments, 

Units of Heat. 

1. Soft, amorphous sulphur, burnt } hour after its preparation, 4055*76 

2. " , " 15hrs. " 4071*6 



8. 

4. 



« 
« 



tl 



20hrs. 
20hrs. 



it 
II 



i 



stiuaoft 4065-84 
4067-64 



Mid 

elastia 



Mean of the second series, 4065-21 
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This difierenoe of over 70 units of heat, or cdhrteSi between the 
means of the two series, is significative ; for, according to the expe- 
rimenters, it is beyond the possible errors of observation. It mnst 
be connected with a difference in the molecular constitution of the 
different varieties of sulphur. 

Closely connected with the subject of the quantitative measure- 
ment of heat, there is a principle of great practical importance, 
which has long been conjectured to be true, but which has only 
within the last few years been proved experimentally, that all the 
different forma of phi/siccU energy, whether chemicctl action, lights 
Aeo^, dectridiy, magnetism, or visible motion and mechanical potoer, 
are convertible into eaxJi other ; and that, although physical energy 
may be converted from one form to another, or transferred from one 
portion of matter to another, its whole amount in the universe is 
unchangeable. This principle may be justly considered as the foun- 
dation of the whole of the physical sciences. It embraces, as a par- 
ticular case, the principle of the conservation of vis-viva, which is 
the foundation of that physical science which treats of visible motion 
and ordinary mechanical power. In its general form, it is obviously 
of paramount practical importance in the working of all machines 
which act' by the transformation of one kind of physical energy into 
anot)ier, such as steam-engines and air-engines, which transform heat 
into expansive power and visible motion. In such engines, the gross 
meohanical power given out is the exact equivalent of the heat which 
disappears in the working ; tha^ is to say, the difference between the 
quantities of heat poss^^ed by the expansive material, whether 
steam or air, or any other substance, on entering and on leaving the 
cylinder, or other working part of the machine, allowance being 
made for the waste of heat by conduction and radiation. 

The mechanical value of heat has been very accurately determined 
by Mr. Joule, by means of experiments on the production of heat 
by friction. He has found that so much heat as is capable of rais- 
ing the temperature of one pound of liquid water by one degree of 
Fahrenheit, is equivalent to so much mechanical power as is caipaMe 
of lifting a weight of one pound' to a height of 772 feet. Conse- 
quently, for every 772 foot-pounds of power given out by a steam or 
air engine, so much heat must disappear, during the expansion of 
the steam or air, as is capable of heating one pound of liquid water 
by one degree of temperature on Fahrenheit's scale. Eankine has 
tested this principle by several comparisons with the actual per- 
formance of steam-engines, and has found it to be corroborated in 
every instance. 

The knowledge of the law of the convertibility of physical enerey 
is the only safeguard against a tendency which has manifested itself 
in the minds of many ingenious persons, to devise machines which 
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shall produce power out of nothing; a tendency from which some 
men of high scientific reputation were not wholly free, before this 
law became a matter of experimental demonstration, as well as of 
reasoning and conjecture. It was, indeed, a necessary consequence 
of the hypothesis of a fluid of heat, that the visible mechanical 
power of engines, acting by the agency of heat, must be produced 
out of nothing. Sir Humphry Davy's experiment of melting two 
pieces of ice, by rubbing them together, was an instance of the con- 
version of mechanical power into heat; and, in fact, established the 
following proposition : — '^ The phenomena of repulsion are not de- 
pendent on a peculiar elastfc fluid for their existence ; or, in other 
words, there is no such thing as caloric.^' Heat consists of motion, 
excited among the particles of bodies. 

A striking instance of the fallacious conclusions to which the mi^ 
terial hypothesis of heat leads, is found in a passage of the descrip- 
tion, ib the New York TribunCy of Captain Ericsson's Air-Engine, 
or '< Caloric Engine,'' as it is called. The writer, after describing 
an apparatus called a '^ regenerator," for saving as much as possible 
of the heat which would otherwise escape with the waste air of this 
engine, makes this remark : — << The power of the steam-engine de- 
pends upon the heat employed to produce steam within its boilers ; 
but that heat, amounting to about 1200 degrees, is entirely lost by 
condensation the moment it has once exerted its force upon the 
piston. If, instead of being so lost, all the heat used in creating the 
steam employed could, at the moment of condensation, be recon- 
veyed to the furnace, there again to aid in producing steam in the 
boilers, but a very little fuel would be necessary; none, in &ct, 
except just enough to supply the heat lost by radiation." 

So that, if radiation, and other waste of heat, could be prevented, 
the engine, having been once set in motion, would go on for ever, 
producing power and overcoming resistance, without any fresh supply 
of heat — a conclusion opposed to common sense; and yet the legxH- 
mate 'Consequence of the hi/pothesis that heat is a substance, and 
there/ore inconvertible. 

Assuming, then, the truth of the undulatory theory of radiant 
heat and light, according to which both heat and light are vibrations, 
differing only in length and duration, it will be perceived that the 
elevation of temperature produced in a body, by the incidence of 
radiant heat upon it, is a mechanical effect of the dynamical kind, 
since the communication of heat to a body is merely the excitation 
or the augmentation of certain motions among its particles. Ac- 
cording to Pouillet's estimate of heat radiated from the sun in any 
time, and Joule's mechanical equivalent of a thermal unit, it appears 
that the mechanical value of the solar heat incident perpendicularly 
on a square foot, above the earth's atmosphere, is about eighty-four 
foot-pounds per second. 
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The deozidation of carbon and hydrogen from carbonic acid and 
water; effected by the action of solar light on the green parts of 
plants^ is (as was first pointed out by Helmholz, in 1847) a me- 
chanical effect of radiant heat. In virtue of this action, combustible 
substances are produced by plants ; and its mechanical value is to 
be estimated by determining the heat evolved by burning them, and 
multiplying by the mechanical equivalent of the thermal unit. 
Taking, from Liebig's Agricultural Chemistry, the estimate, 2600 
pounds of diy fir-wood for the annual produce of one Hessian acre, 
or 26,910 square feet of forest-land, and assuming, as a very rough 
estimate, 7200 thermal units as the heat of combustion of dry &- 
wood, it is found that the mechanical value of the mean annual pro- 
duce of a square foot of the land is nearly 550,000 foot-pounds (or 
the work of a horse-power for 1000 seconds). Taking 50^ 34' 
(that of Oiessen) as the latitude of the locality, Professor W. 
Thomson has estimated the mechanical value of the solar heat 
which (were none of it absorbed by the atmosphere) would fall 
annually on each square foot of the land to be 530,000,000 foot- 
pounds. 

When the vibrations of light thus act during the growth of 
plants, to separate, against force of chemical affinity, combustible 
materials from oxygen, they must lose vu-viva to an extent equiva- 
lent to the statical mechanical effect thus produced ; and, therefore, 
quantities of solar heat are actually put out of existence by the 
growth of plants, but an equivalent of statical mechanical effect is 
stored up in the organic products, and may be reproduced as heat by 
burning them. All the heat of fires, obtained by burning wood, 
grown from year to year, is, in fact, solar heat reproduced. 

The question, — " Can animated creatures set matter in motion 
hy virttte of an inherent power o/prodticim/ mechanical effect f* — 
must be answered in the negative, according to the well-established 
theory of animal heat and motion, which ascribes them to the che- 
mical action (principally oxidation) experienced by the food and tis- 
sues. It is to be remarked, that both animal heat, and weights 
raised, or resistance overcome, are mechanical effects of the chemical 
forces which act during this process of oxidation. The whole me- 
chanical value of these effects, which are produced by means of the 
animal mechanism in any given time, must be equal to the me- 
chanical value of the work done by the chemical forces. Hence, 
when an animal is going up hill, or working against resisting force, 
there is less heat generated than the quantity due to the oxidation 
of the food, by the thermal equivalent of the mechanical effect pro- 
duced. From an estimate made by Mr. Joule, it appears that from 
{ to ^ of the mechanical equivalent of the complete oxidation of all 
Uie food consumed by a horse, may be produced, from day to day, as 

n. 16 
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weights raised. The oxidation of the whole food eoDsamcd being, 
in reality, far from complete, it follows that a less proportion than 
|, perhaps even less than |, of the heat due to the whole chemical 
action going on in the body of the animal, is given out as heat. 
* Certainty regarding the means, in the animal body, by which ex 
temal mechanical effects are produced from chemical forces acting 
internally, cannot be arrived at without more experiment and obser- 
vation than has yet been applied; but the relation of mechanical 
equivalence, between the work done by the chemical forces, and the 
final mechanical effects produced, whether solely heat, or partly heat 
and partly resistance overcome, may be asserted with confidence. 

Men can obtain mechanical effect, for their own purposes, either 
by working mechanically themselves, and directing other animals to 
work for them, or by using natural heat, the gravitation of descend- 
ing solid masses, the natural motions of water and air, and the heat, 
or galvanic currents, or other mechanical effects produced by che- 
mical combination, but in no other way at present known. Hence^ 
the stores from which mechanical effect may be drawn by man belong 
to one or other of the following classes : — 

I. The food of animals. 
n. Natural heat. 

III. Solid matter found in elevated positions. 
lY. The natural motions of water and air. 
y. Natural combustibles (as wood, coal, coal-gas, oils, marsh- 
gas, diamond; native sulphur, native metals, meteorio 
iron). 
YI. Artificial combustibles (as smelted or electrolytically-depo- 
sited metals, hydrogen, phosphorus). 

Enowif facts in natural history and physical science, with reference 
to the sources from which these stores have derived their mechanical 
energies, establish the following general conclusions : — 

1. Seat, radiated from the sun (sunlight being included in this 
term), is the principal sowrce of mechanical effect availahle to 
man. From it is derived the whole mechanical effect obtained bj 
means of animals working, water-wheels worked by rivers, steam- 
engines, galvanic-engines, and part at least of the mechanical 
effect obtained by means of wind-mills, and the sails of ships not 
driven by the trade-winds. 

2. The motions of the earth, moon, and sun, and their mutual 
attractions, constitute an important source of available mechanical 
effect. From them all, but chiefly, no doubt, from the earth's 
motion of rotation, is derived the mechanical effect of water-wheels 
driven by the tides. The mechanical effect so largely used in 
the sailing of ships by the trade-winds is derived partly, perhaps 
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prindpally, from (lie earth's motion of rotation; and partly from 
solar heat. 
8. The other known sources of mechanical effect available to man, 
are either terrestrial — that is, belonging to the earth, and avail- 
able without the influence of any external body ; or meteoric ^ 
that is, belonging to bodies deposited on the earth from external 
space. Terrestrial sources, including mountain quarries and 
mineSy the heat of hot springs, and the combustion of native sul- 
phur, (perhaps also the combustion of inorganic native combus- 
tibles,) are actually used ; but the mechanical effect obtained from 
ihem is very inconsiderable, compared with that which is obtained 
from sources belonging to the two classes mentioned above. Me- 
teoric sources, including only the heat of newly-fallen meteoric 
bodies, and the combustion of meteoric iron, need not be reckoned 
among those available to man for practical purposes. 

1604*. The carbonic add exhaled from the lungs is not formed 
in those organs. — It is not true that '^ a real combustion may be 
considered as taking place in the lungs/' Those organs are not the 
true seat of the formation of carbonic acid, nor are they a furnace. 
The truth is, that the arterial blood represents a current of oxygen, 
which, when circulating in the capillary vessels, determines the 
formation of products of oxidation, or of slow combustion, among 
which is carbonic acid. 

1605*. Office of the oxygen taken into the system in respiration, 
— We shall entertain a very inadequate idea of the part performed 
by oxygen in the animal economy, if we suppose that it is subser- 
vient only to the generation of heat. It is the principal agent in 
all the chemical changes which constantly take place in the system ; 
and all chemical action being of itself productive of heat, heat must 
necessarily be developed by those changes. But this is, in many 
cases, merely a secondary or incidental result. The different organs 
and tissues, in the performance of their various functions, are con- 
stantly wearing out; and, when worn out, require to be removed 
from the system, to which they are then so many poisons. To be 
removed, they must be rendered soluble, so as to be thrown into 
the circulation, by which they may be carried to the various 
excretory organs, and by them be excreted. They are transformed 
into soluble products by the action of oxygen upon them ; and in 
this is found one of the most important functions of the inspired 
oxygen. But the further development of this subject belongs more 
properly to physiology. 
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1612. Natural magnets — Loadstone. — Certain ferruginous mineral 
ores are found in various countries, which being brought into proxi- 
mity with iron manifest an attraction for it. These are called 
NATURAL MAGNETS or LOADSTONES; the former term being de- 
rived from Magnesia, a city of Lydia, in Asia Minor, where the 
Greeks first discovered and observed the properties of these minerals. 

1613. Artificial magnets, — The same property may be imparted 
to any mass of iron having any desired magnitude or form, by pro- 
cesses which will be explained hereafter. Such pieces of iron having 
thus acquired these properties are called artificial magnets; and 
it is with these chiefly that scientific experiments are made, since 
they can be produced in unlimited quantity of any desired form and 
magnitude, and having the magnetic virtue within practical limits in 
any desired degree. 

1614. Neutral line or eqiiator — Poles. — This attractive power, 
which constitutes the peculiar character of the magnet, whether 
natural or artificial, is not diffused uniformly over every part of its 
surface. It is found to exist in some parts with much greater force 
than in others, and on a magnet a certain line is found where it dis- 
appears. This line divides the magnet into two parts or regions, in 
which the attractive power prevails in varying degrees, its energy 
augmenting with the distance from the neutral line just mentioned. 

This neutral line thus dividing the magnet into two different re- 
gions of attraction may be called the equator of the magnet. ' 

The two regions of attraction separated by the equator are called 
the poles of the magnet. 

Sometimes this term pole is applied, not generally to the two parts 
into which the magnet is divided by the equator, but to two points 
upon or within them, which are the centres of all the magnetic at- 
tractions exercised by the surface, in the same manner as the cexLtx^ 



ISS MAGNBTISU. 

dt gravity is the centre of all the gravitatJng forces which act opon 
the particlea of a bodj. 

1615. Experimental iUuitratvm of ihem. — The neutral line and 
the varying attraction of the parts of the snr&ce of the magnet 
vhioh it BcpnrateB may be manifested expemnentallj aa follows. 
Let a magnet, whether natural or artificial, be rolled in a mass of 
fine iron filings. They will adhere to it, and will eolleot in two 
tufte on its sm'iace, separated by a space upon which no filings will 
appear. The thickness with which the 
filings are collected will increase as the 
distance from the space which is free 
from them is angmented. 

This efiect, as exhibited by a natnral 
magnet of rough and irregular form, is 
represented in fg. 456. ; and as exhi- 
bited by an artificial m^et in the form 
of a regular rod or cylinder whose length 
is considerable as compared with its thiok- 
n jig. 457. ; the equator being represented l^ 
E 0, and the polca by a and b. 




Fig. 450. 




Pig. 467. 

1616. Experimental illvMration of the distribution of Ae mag- 
netic force. — The variation of the attraction of different parts of the 
magnet may sIbo be illustrated as follows. Let a magnet, whether 
natural or artificial, be placed under a plate of glass or a sheet of 
paper, and let iron filings be scattered on the paper or glass over tlie 
magnet by means of a sieve, the paper or glass being gently agitated 
BO as to give free motion to the particles. They will be observed to 
affect a peculiar arrrangement corresponding with and indicating the 
neutral line or equator and the poles of the magnet as represented 
in fg. 458., where e q is the equator, and a and b the poles of the 
magnet. 

1617. Varying intemi/i/ of magnetic force indicated by a pen- 
dulutn. — The varying intensity of the attraction of different partfl 
of the Burfece of Uie magnet may be ascertained by presenting soch 
surface to a small ball of iron suspended by a fibre of silk so as to 
form a pendulum. The attraction of the suiface will draw this ball 
out of ^e perpendicular to an extent greater or less, according to 
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die eDei^ of the attnctJon. If the eqnator of the magnet be pre- 
sented to it, no attraction will b« manifested, and the force of the 




Fig. 45S. 

tttrtu^on indicated will be augmented according as the point pre- 
sented to the pendoltun is more distant from the equator and nearer 
to the pole. 

1618. Ourve repretentiiig the varying inteiigity, — This varying 
distribniion of the attractive force over the surface of a magnet may 
be represented by a curve whose distance from the magnet varies 
proportionally to the intensity of this force. Thus if, in Jig. 459., 
XQ be the equator and a and b the poles of the magnet, the curve 
K a D T may ce imagined to be drawn in such a manner that the dis- 
tance of its several parte from the bar e b shall be everywhere pro- 
portional to the intenuty of the attractive force of the one pole, and 
" carve £ O* D* r will in like manner be proportional to the 




varying attractions of the several parts of the other pole. These 
rarres neoeasarily tonch the magnet at the equator X Q, where the 
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attrao^on is nothing, and tbey recede from it more and more as their 
distance from the equator increases. 

1619. Magnetic attraction and repulsion. — ^If two magnets^ being 
80 placed as to have free motion, be presented to each other, they 
will exhibit either mutual attraction or mutual repulsioQi according 
to the parts of their surfaces which are brought into proximity. 
Let £ and if, Jig. 460.^ be two magnets, their poles being respect- 



A 




a' 








A 


JD 

Vig, 460. 


B 



ively A B and a' b'. Let the two poles of each of these be success- 
ively presented to the same pole of a third magnet. ' It will be found 
that one will be attracted and the other repelled. Thus, the poles 
A and a' will be both attracted, and the poles b and laf iHD be both 
repelled by the pole of the third magnet, to which they are success- 
ively presented. 

1620. Like poles rq>el, unlike attract — The poles A and a', 
which are both attracted, and the poles B b', which are both repelled 
by the same pole of a third magnet, are said to be like poles; and 
the poles a and b', and B and a', one of which is attracted and the 
other repelled by the same pole of a third magnet, are said to be 
unlike poles. 

Thus the two poles of the same magnet are always unlike poles, 
since one is always attracted, and the other repelled by the same 
pole of any magnet to which they are successively presented. 

If two like poles of two magnets, such as A and A' or B and b', 
be presented to each other, they will be mutually repelled ] and if 
two unlike poles, as A and b' or B and a', be presented to each other, 
they will be mutually attracted. 

Thus it is a general law of magnetic force, that like poles mutually 
repel and unlike poles mutually attract. 

1621. Magnets arrange themselves mutually parallel with poles 
reversed. — If a magnet A B be placed in a fixedl position on a hori- 
zontal plane, and another magnet be suspended freely at its equator 
l/ by a fibre of untwisted silk, the point of suspension being brought 
so as to be vertical over the equator E of the fixed magnet, the magnet 
suspended being thus free to revolve round it-s equator e' in a hori- 
zontal plane, it will so revolve, and will oscillate until at length it 
comes to rest in a position parallel to the fixed magnet A B ; the like 
poles, however, being in contrary directions, that is to say, the pole 
a' which is similar to A being over b, and the pole K which is 
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gimilar to B being over A. This phenomenon follows obviously from 
what has been just explained ; for if the magnet a' b' be turned to 
any other direction^ the arm £ b attracting the unlike arm e' a', and 
at the same time the arm e a attracting the unlike arm e' b', the 
suspended magnet a' b' will be under the operation of forces which 
have been already desoribed (Hand-Book of Mechanics, 160), and 
which are called a ample, consisting of two equal and contrary 
forces whose combined effect is to turn the magnet round e' as a 
centre. When, however, the magnet a' b' ranges itself parallel to 
AB, the like poles being in contrary directions, the forces exerted 
balance each other^ since the pole A attracts b' as much as the pole 
B attracts a'. 

1622. MagTietic axis. — ^It has been already stated that certain 
points within the two parts into which a magnet is divided by the 
equator, which are the centres of magnetic force, are the magnej^o 
poles. A straight line joining these two points is called the magnetic 
axis. 

1623. Sow Oiscertained experimentally, — If a magnet have a 
inrmmetrical form^ and the magnetic force be uniformly diffused 
through it, its magnetic axis will coincide with the geometrical axis 
of its figure. Thus, for example, if a cylindrical rod be uniformly 
magnetized, its magnetic axis will be the axis of the cylinder ; but 
tihis. regular position of the magnetic axis does not always prevail, 
and as its direction is of considerable importance, it is necessary that 
its position may in all cases be determined. This may be done by 
the following expedient : — 

Let the magnet, the direction of whose axis it is required to 
ascertain, be suspended as already described, with its equator exactly 
over that of a fixed magnet resting upon a horizontal plane. The 
suspended magnet will then settle itself into such a position that its 
magnetic axis will be parallel to the magnetic axis of the fixed mag- 
net which is under it. Its position when thus in equilibrium being 
observed, let it be reversed in the stirrup, so that without changing 
the position of its poles, its under side shall be turned upwards, and 
vice versd. If after this change the direction of the bar remains 
unaltered, its magnetic axis will coincide with its geometrical axis ; 
but if^ as will generally happen, it take a different direction after 
being reversed, then the true direction of the magnetic axis will be 
intermediate between its directions before and after reversion. 

To render this more clear, let A b, fig. 461., be the geometrical 
axis of a regularly shaped prismatic magnet, and let it be required 
to discover the direction of its magnetic axis. Let a & be the poles^ 
and the line m n passing through them therefore its magnetic axis. 

If this magnet be reversed in the manner already described oyer 
a fixed magnet, its magnetic axis in the new position will coincide 
with its direction in the fifst position, and the magnet when reversed 
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will take the position 'represented by tha 

dotted line, the geometiical axis be^ng in 

the direction a' h, intersecting its former 

J direction a b at o. The poles a b will cois- 

e with their former position, as will also 

I magnetic axis U N. It ia evident that 

the geometric axis o a will form with the 

magnetic axis o a the same angle as it forms 

wi£ that axis in the second position, that is, 

the angle A o M will be equal to the angle 

a' o M ; and coosequently, the maeaetic axis 

H N will bisect the angle aoa', formed by 

the geometric axis of the magnet in its 

second position. 

1624. Hi/poihesU of two fluids, boreal 
and austral. — These various phenomena of 
attraction and repulsion, with othera whieh 
will presentlj be stated, have been explained 
bj different sappositions, one of which 
assumes that all bodies susceptible of mag- 
netism are pervaded by a subtle impondera- 
Fig. 481^ blc fluid, which is compound, consisting of 

two constituents -called, for jeasons which 
will hereafter appear, the austral fluid and the boreal fluid. Each 
of these is self-repulsive ; hut they are reciprocally attractive, that is 
to say, the austral fluid repels the austral, and the boreal the boreal ; 
but the austral and boreal fluids reciprocally attract. 

1625. Condition of the natural or unmagnetised state. — When t 
body pervaded by the compound fluid is in its natural state and not 
magnetic, the two fluids are in a state of combination, each molecule 
of the one being combined by attraction with a molecule of the 
other; consequently in such state, neither attraction nor repulsion is 
exercised, inasmuch as whatever is attracted by a jnolecule of tha 
one is repelled by a molecule of the other which is combined with it 

1626. Condition of the magnetized state. — When a body is mag- 
netic, and manifests the powers of attraction and repulsion soch as 
have been described, the magnetic fluid which pervades it is decom- 
posed, the austral fluid Being directed on one side of the equator, 
and the boreal fluid on the other. That side of the equator towards 
which the austral fluid is directed is the austral, and that towards 
which the boreal fluid is directed is the boreal pole of the magnet. 

If the austral poles of two magnets be presented to each other, 
they will mutually repel, in consequence of the mutual repulsion of 
the fluids whicb predominate in them; and the same effect will take 
place if the boreal poles be presented te each other. If the austral 
pole of the one magnet be presented to the boreal pole of Bnother^ 
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mntaal attraction will take place, because the austral and boreal 
fluids, though separately self-repulsive, are reciprocally attractive. 

It is in this manner that the hypothesis of two self-rcpu|sive and 
mutually attractive fluids supplies an explanation of the general 
magnetic law, that like poles repel and unlike pole^ attract. 

It must be observed that the attraction and repulsion in this 
hypothesis are imputed not to the matter composing the magnetic 
body, but to the hypothetical fluids by which this matter is supposed 
to be pervaded. 

1627. Coercive force, — ^The force with which the particles of the 
austral and boreal fluids are combined, varies in different bodies, in 
some being so slight that their decomposition is readily effected, in 
others being so energetic that it is only accomplished with considera- 
ble difliculty. It is found that in bodies where the decomposition of 
the magnetic fluids is resisted, its recom position is also resisted, and 
that where the fluids are separated with difficulty, when once sepa- 
rated they are recombined with difficulty. 

This force, by which the decomposition and recomposition of the 
constituents of the magnetic fluid are resisted, is called the coercive 
force. 

A different and more probable hypothesis for the explanation of 
the phenomena will be explained hereafter. 4 

1628. Coercive force insensible in soft iron — most active in highly 
tempered steel. — Of the magnetic bodies, that in which the coercive 
force is most feeble is soft iron, and that in which it is manifested 
with greatest energy is highly tempered steel. 

It might indeed be assumed hypothetically that the magnetic fluid 
pervades all bodies whatsoever, but that its coercive force in bodies 
which are said to be unsusceptible of magnetism is such as to yield 
to no method of decomposition yet discovered. 

1629. Magnetic substances. — The only substances in which the 
magnetic fluid has been decomposed, and which are therefore suscej^' 
tible of magnetism, are iron, nickel, cobalt, chromium, and manganese, 
the first being that in which the magnetic property is manifested by 
the most striking phenomena. 

[Note. — Late researches by Faraday and others have shown that 
all matter, whether solid, liquid, or gaseous, is subject to magnetic 
influence. 

Bodies are divided into two great classes — the magnetic and the 
diam^gneiic. 

I. Magnetic bodies are attracted, in their natural state, by either 
pole of a magnet — when magnetized, they exhibit the phenomena 
of attraction add repulsion — and, when shaped into bars and freely 
suspended between two opposite magnetic poles, arrange themselves 
aaiaUy, that is to say, in a straight line between them. Thus the 

n. 17 " 



194 HAaNETISM. 

needle places itself axiallj with reference to the terrestrial magnetio 
poles. 

The principal magnetic bodies are iron, nickel, cobalt, manganese, 
chromium, cerium, titanium, palladium, platinum, and osmium. Tha 
magnetic properties of the first three have been long known. 

n. Diamagnetic bodies are repdled by either pole of a magnet, 
and, when placed between two magnetic poles, arrange themsel^ei 
equatorialfyf that i^ to say, at right angles to the line joining the two 
poles. 

Bismuth appears to be the most powerfully diamagnetic of all sub- 
stances. Among the metals, the order of diamagnetic energy is as 
follows: — ^Bismuth, antimony, zinc, tin, cadmium, sodium, mercury, 
lead, silver, copper, gold, arsenic, uranium, rhodium, iridium, and 
tungsten. 

In his first experiments on this subject, Faraday was led to the 
conclusion that gaseous bodies are indifferent to magnetic action; 
but it has since been found that they exhibit decided magnetic and 
diamagnetic relations— oxygen appearing to be the most magnetlo of ^ 
all gases.] 



GHAP. II. 

MAGNETISM BY INDUCTION. 

1030. Soft iron rendered temporarily magnetic, — ^If the extremity 
of a bar of soft iron be presented to one of the poles of a magnet, 
this bar will itself become immediately magnetic. It will manifest 
a neutral line and two poles, that pole which is in contact with the 
magnet being of a contrary name to the pole which it touches. 
Thus, if A By Jig. 462., be the bar of soft iron which is brought in 
contact with the boreal pole b of the magnet a h, then A will be the' 

a e 6 A. B 3 

t ■ .r- ■ ■ 

Fig. 462. 

austral and b the boreal pole of the bar of soft iron thus rendered 
magnetic by contact, and E will be its equator, which however will 
not be in the middle of the bar, but nearer to the point of contact. 

These effects; are thus explained by the hypothesis of two fluids. 

The attraction of the boreal pole of the magnet ah acting upon 
the magnetic fluid which pervades the bar A B, decomposes it, attract- 
ing the austral fluid towards the point of contact a, and repelling the 
boreal fluid towards B. The austral fluid accordingly predominates 
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at the end A, and the boreal at the end b, a neutral line or equator 
E separating them. 

This state of the bar A b can be rendered experimentally manifest 
by any of the tests already explained. K it be rolled in iron filings, 
they will attach themselves in two tufts separated by an intermediate 
point which is firee from them 3 and if the test pendulum (1617) be 
suooessiYely presented to different points of the bar, the varying in- 
tensity of the attraction will be indicated. 

If the bar A b be detached from the magnet, it will instantly lose 
its magnetic virtue^ the fluids which were decomposed and separated 
will spontaneously recombine, and the bar will be reduced to its 
natural state, as may be proved by subjecting it after separation to 
any of the tests already explained. 

Thus is manifested the fkct that the magnetism of soft iron has no 
perceptible coercive force. The magnetic fluid is decomposed by the 
contact of the pole of any magnet however feeblc; and when detached 
it is recompos^ spontaneously and immediately. 

1631. This may he effected hy proximity without contact. — It is 
not necessary, to produce these effects, that the bar of soft iron should 
be brought into actual contact with the pole of a magnet. It will 
be manifested, only in a less degree, if it be brought into proximity 
with the pole without contact. If the bar A b oe presented at a 
small distance from the pole 5, it will manifest magnetism in the 
same maniier; and if it be gradually removed from the pole, the 
magnetism it manifests will diminish 'in degree, until at length it 
wholly disappears. 

If the end b instead of A be presented to h, the poles of the tem- 
porary magnet will be reversed, b becoming the austral, and A the 
boreal. 

If a series of bars of soft iron ab, a' b', a" b", be brought into 
soooessive contiguity so as to form a series without absolute contact, 

a tf I A B A. B A B 

» « ■ L I nz=] i::i3 

Fig. 468. 

as represented in jig. 463., the extremity A of the first being pre- 
sented to the boreal pole h of the fixed magnet, then each bar of the 
aeries will be rendered magnetic. The attraction of the boreal fluid 
at h will decompose the magnetic fluid of the bar A b, attracting the 
austral fluid towards A, and repelling the boreal fluid towards B. 
The boreal fluid thus driven towards b will produce a like decompo- 
sition of the fluid in the second bar a' b', the austral fluid being 
attracted towards A' and the boreal repelled towards b' ; and like 
^feets will be produced upon the next l»r a" b", and so on. 
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If the bars be brought gradually closer together, the intensity of 
the magnetism thus developed will be increased, and will continue to 
bo increased until the bars are brought into contact. 

1G32. Induction, — This process, by which magnetism is developed 
by magnetic action at a distance, is called induction; and the bars 
A B, a' b', &c. are said to be magnetized hy induction. 

1633. Magnets with poles reversed neutralize each other, — K a 
second magnet of equal intensity with the first be laid upon a h with 
its poles reversed, so that its austral pole will coincide with h and its 
boreal with a, the bars A B, a' b', a" b" magnetized by induction 
will instantly be reduced to their natural state^ and deprived of the 
magnetic influence. This is easily explained. The attraction of the 
pole hy which draws towards it the austral and-repels the boreal fluids 
of the bar A b, is neutralized by the attraction and repulsion of the 
austral pole of the second magnet laid upon it^ which repels the 
austral fluid of the bar A B with a force equal to that with which the 
boreal fluid of the pole h attracts it, and attracts the boreal fluid 
with as much force as that with which the pole h repels it. Thus 
the attraction and repulsion of the two poles of the combined mag- 
nets neutralize each other, and the fluids which were decomposed in 
the bar ab spontaneously recombine; and the same effects take 
place in the other bars. 

All these effects may be rendered experimentally manifest by sub- 
mitting the bars A B, a' b', a"b" to any of the tests already explained. 

1634. A magnet broken at its equator produces two magnets, — 
It might be supposed, from what has been stated, that if a magnetic 
bar were divided at its equator, two magnets would be produced, one 
having austral and the other boreal magnetism^ so that one of them 
would attract an austral and repel a boreal pole, while the other 
would produce the contrary attraction and repulsion. This, however, 
is not found to be the case. If a magnet be broken in two at its 
equator, two complete magnets will result, having each an equator 
at or near its centre, and two poles, austral and boreal ; and if these 
be again broken, other magnets will be formed, each having an 
equator and two poles as before ; and in the same manner, whatever 
be the number of parts, and however minute they be, into which a 
magnet is divided, each part will still be a complete magnet, with an 
equator and two poles. 

1635. Decomposition of magnetic fiuid not attended hy its transfer 
between pole and pole, — It follows from this, that it cannot be sup- 
posed that the decomposition of* the magnetic fluid which is pro- 
duced when a body is magnetized, is attended with an actual transfer 
of the constituent fluids towards those regions of the magnet which 
are separated by its equator. It cannot, in a word, be assumed thai 
the boreal fluid passes to one, and the austral fluid to the other side 
^f the equator ; for if this were the case, the fracture of the magnet 
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at the eqoator would leave tbe two parts, one snrcbarged with anstral 
and die other with boreal fluid, whereas by what has been just stated 
it is apparent that after such division both parts will possess both 
fluids. 

1686. The decomposition is molecular, — ^The decomposition whicb 
takes place is therefore infenred to be accomplished spontaneously ia 
eacb molecule which composes the magnet; each molecule is invested 
by an atmosphere composed of the two fluids, and the decomposition 
takes place in these atmospheres, the boreal fluid passing to one side 
of the molecule, and the austral fluid to the other. When a bar is 
magnetized, therefore, the material molecules which form it are in- 
vested with the magnetic fluids, but the anstral fluids are all pre- 
sented towards the austral pole, and the boreal fluids towards the 
boreal pole. ^ When the bar is not magnetic, but in its natural state, 
the two fluids surrounding each molecule are diffused through each 
other and combined, neither prevailing more at one side than the 
other. 

1637. Coercive /orce of iron varies with its molecular stnu:iure, 
— Iron in different states of aggregation possesses different degrees 
of coercive force to resist the decomposition and recomposition of 
the magnetic fluid. Soft iron, when pure, is considered to be divested 
altogether of coercive force, or at least it possesses it in an insensible 
degree. In a more impure state, or when modified in its molecular 
structure by pressure, percussion, torsion, or other mechanical effects, 
it acquires more or less coercive power, and accordingly resists the 
reoeptionx>f magnetism, and when magnetism has been imparted to 
it, retains it with a proportional force. Steel has still more coercive 
force than iron, and steel of different tempers manifests the coercive 
force in different degrees, that which ^possesses it in the highest de- 
gree being the steel which is of the highest temper, and which 
possesses in the greatest degree the qualities of hardness and 
tndttleness. 

1638. Uffect of induction on hard iron or steel. — If a bar of hard 
iron or steel be placed with its end in contact with a magnet in the 
same manner as has been already described with respect to soft iron, 
it will exhibit no magnetism ; but if it be kept in contact with the 
magnet for a considerable length of time, it will gradually acquire 
the same magnetic properties as have been described, in respect to 
bars of soft iron, — with this difference, however, that having thus 
acquired them, it does not lose them when detached from the magnet, 
as is the case with soft iron. Thus it would appear, that it is not 
literally true that a bar of steel when brought into contact with the 
pole of a magnet receives no magnetism, but rather that it receives 
magnetism in an insensible degree ; for if continued contact impart 
sensible magnetism, it must be admitted that contact for shorter in- 
torfab must impart more or less magnetism, since it is by the accu- 

17* 
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mulation of the effects produced from moment to moment tbat the 
sensible magnetism manifested by continued contact is produced. 

It appears, therefore, that the coercive energy of the bar of steel 
resists the action of the magnet, so that while the pole of the magnet 
accomplishes the decomposition of the magnetic fluid in a bar of soft 
iron instantaneously, or at least in an indefinitely small interval of 
time, it accomplishes in a bar of steel the same decomposition, but 
only after a long protracted interval, the decomposition proceeding 
by little and little, from moment to moment during such interval. 

Various expedients, as will appear hereafter, have been contrived, 
by which the decomposition in the case of steel bars having a great 
coercive force is expedited. These consist generally in moving the 
pole of the magnet successively over the various points of the steel 
bar, upon which it is desired to produce the decomposition, the 
motion being always made with the contact of the same pole, and in 
the same direction. The pole is thus made to act successively upon 
every part of the surface of the bar to be magnetized, jind being 
brought into closer contact with it acts more energetically ; whereas 
when applied to only one point, the energy of its action upon other 
points is enfeebled by distance, the intensity of the magnetic attrao- 
tion diminishing, like that of gravity, in the same proportion as the 
square of the distance increases. 

Since steel bars having once received the magnetic virtue in this 
manner retain it for an indefinite time, artificial magnets can be pro- 
duced by these means of any required form and magnitude. 

1639. Forms ofmagytetic needles and bars. — Thus a magnetic 

needle generally receives the 



form of a lozenge, as represented 

^ in fg. 464., having a conical 

=^^ cap of agate at its centre, which 

is supported upon a pivot in 
such a manner as that the needle 
is free to turn in a horizontal 
plane, round the pivot as a cen- 
tre. In this case the weight 
of the needle must be so regu- 
Fig. 464. lated as to be in equilibrium on 

the pivot. 



Bar magnets are pieces of steel in the form of a cylinder or prism 
whose length is considerable compared with their depth or thickness. 
In producing such magnets certain processes are necessary, which 
will be explained hereafter. 

1640. Compound magnet. — Several bar magnets, equal and simi- 
lar in magnitude, being placed one upon the other with their cor- 
responding poles together, form a compound magnet. 

1641. Effects of heat on m^agnetism. — It is evident from what has 
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been stated respecting tfae Tarious degrees of coercive force mani- 
fested by the same metal in different states of aggregation, that the 
magnetic qualities depend upon molecular arrangement, and that the 
same body in different molecular states will exhibit different magnetic 
properties. 

Since the elevation or depression of temperature by producing 
dilatation and contraction affects the molecular state of a body, it 
might be expected to modify also its magnetic properties, and this is 
accordingly found to be the case. 

1642. A red heat destroys the magnetism of iron. — If a magnet^ 
no matter how powerful, natural or artificial, be raised to a red heat, 
it will lose altogether its magnetic virtue. The elevation of tem- 
perature and the molecular dilatation consequent upon it destroys 
the coercive force and allows the recombination of the magnetic 
fluid. When after such change the magnet is allowed to cool, it 
will continue divested of its magnetic qualities. These effects 
may, however, be again imparted to it by the process already men- 
tioned. 

1643. Different magnetic bodies lose their magnetism at different 
temperatures, — M. Pouillet found that this phenomenon is produced 
at different temperatures for the different bodies which are suscepti- 
ble of magnetism. Thus the magnetism of nickel is effaced when 
it is rais^ to the temperature of 660°, iron at a cherry red, and 
cobalt at a temperature much more elevated. 

1644. Seai opposed to induction, — But not only does increased 
temperature deprive permanent magnets of their magnetism, but it 
renders even soft iron insusceptible of magnetism by induction, for 
it is found that soft iron rendered incandescent does not become 
magnetic when brought into contact or contiguity with the pole of a 
magnet. 

1645. Induced magnetism rendered permanent hy hammering 
and other mechanical causes. — If a bar of soft iron when rendered 
magnetic by induction be hammered, rolled, or twisted, it will retain 
its magnetism. It would follow, therefore, that the change of mole- 
cular arrangement produced by these processes confers upon it a 
coercive force which it had not previously. 

1646. Compounds of iron differently susceptible of magnetism. — 
Compounds of iron are in general more or less susceptible of mag- 
netism, according to the proportion of iron they contain. 

Exceptions, however, to this are presented in the peroxide, the 
persulphate, and some other compounds containing iron in small pro- 
portion, in which the magnetic virtue is not at all present. 

1647. Compounds off other magnetic bodies not susceptible. — 
Nickel, cobalt, chromium, and manganese are the only simple bodies 
which, in common with iron, enjoy the magnetic property, [see note to 
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1629,] and this property completely ditappean in most (rf Uie ohemt 
o«] componndB of which they form & partr. 

MngDetiain, however, haa been rendered m&nifeBt nnder & ermt 
variety of circumntaacea connected with the development of elecinoi^ 
which will be fully explained in a subsequent Book. 

1648. MagneU v^ith oHisequent points. — In the prodttotioD of arti- 
ficial magnets it frequently happens that a magnetic bar has more 
than one equator, and consequently more than two poles. This &<)t 
may be experimentally ascertained by exposing sneceenvely the 
length of a bar to any of the tests already explained. Thus, if pre- 
sented to the test pendulum, it will be attracted with a contdnnally 
decrea«Dg force as it approaches each eanator, and with an increasing 
force as it recedes from it. If the Imut be rolled in iron filings, they 
will be attached to it in a succession of tufts separated by spaoes 
where none are attached, indicating the equators. 

If it be placed under a glass plate or sheet of paper on which fine 
iron filings are sprinkled, they will arrange themselves aooording to & 
series of concentno curves, as represented in^. 465. 




It is evident that the magnetic bar in this case is equivalent to % 
(accession of independent magnets placed pole to pole. 
The equators in these cases are called eoMeyaeat point». 



CHAP. in. 

TERRESTRIAL MAONETIBM. 

1649. Analogy of the earth to a magnet. — If a small and sensi- 
tive magnetic needle, suspended by a fibre of silk so as to be free to 
assume any position which the attraotions that act upon it may hava 
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a tendency to give to it^ be oarried over a magnetic bar from end to 
end^ it will assume in (liferent positions different directions^ depend- 
ing on the effect produced by the attractions and repulsions exercised 
by the bar upon it. 

Let a b, fig. 466., be such a needle, the thread of suspension o e 
being first placed vertically over the equator e of the magnetic bar 
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Fig. 466. 

A B. The austral magnetism of A £ will attract the boreal magne- 
tism of be and will repel the austral magnetism of ae; and in like 
manner the boreal magnetism of B £ will attract the austral magne- 
tism of ae and will repel the boreal magnetism of be. These 
attractions and repulsions will moreover be respectively equal, since 
the distances of a e and b e from B A and B E are equal. The needle 
a b will therefore settle itself parallel to the bar a b, the pole a being 
directed to B, and the pole b being directed to A. 

If the suspending thread o 6 be removed tdwards A to p e, the 
attraction of A upon b will become greater than the attraction of B 
upon bf becanse the distance of A from b will be less than the dis- 
tance of B from a ; and, for a like reason, the repulsion of A upon a 
will be greater than the repulsion of B upon b. The needle a 6 will 
therefore be affected as if the end b were heavier than a, and it will 
throw itself into the inclined position represented in the figure, the 
pole a inclining downwards. 

If it be carried still further towards A, the inequality of the 
attractions and repulsions increasing in consequence of the greater 
inequality of the distances of a and b from A and B, the inclination 
of b downwards will be proportionally augmented, as represented 
at p'. 

In fine, when the thread of suspension is moved to a point p" over 
the pole A, the needle will become vertical, the pole b attracted by A 
pointing downwards. 

If the needle be carried in like manner from e to b, like effects 
will be manifested, as represented in the figure, the pole a inclining 
downwards arising from the same causes. 
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A magnetic ,needle similarly suspended^ oArried over the surface 
of the earth in the directions north and south, undergoes changes of 
direction such as would be produced, on the principles explained 
above, if the globe were a magnet having its poles at certain points, 
not far distant from its poles of rotation. 

To render this experimentally evident, it will be necessary to be 
provided with two magnetic instruments, one mounted so that the 
needle shall have a motion in a horizontal plane round a vertical axis, 
and the other so that it shall have a motion in a vertical plane round 
a horizontal axis. 

1650. The azimuth compass. — ^The instrumeht called the azi- 
muth compass consists of a magnetic" bar or needle balanced on a 
vertical pivot, so as to be capable of turning freely in a horizontal 
plane, the point of the needle playing in a circle, of which its pivot 
is the centre. 

The instrument is variously mounted and variously designated^ 
according to the circumstances and purpose of its application. 

When used to indicate the relative bearings or horizontal direo 
tions of distant objects, whether terrestrial or celestial, a graduated 
circle is placed under the needle and concentric with it. The divi- 
sions of this circle indidite the bearings of any distant object in rela- 
tion to the direction of the needle. 

The pivot in this form of compass is rendered vertical by means 
of a plumb-line or spirit-level. 

1651. The mariner^s compass, — ^Wheii the atitntith compass is 
used for the purpose of navigation, the pivot supporting the needle 
is fixed in the bottcHh of a cylindrical box, which is clos^ at the top 
by a plate of glass,' So as to protect it from the air. The tnagfietic 
bar is attached to the under side of a circular card, upon which is 
engraved a radiating diagram, which divides the circle into thirty-two 
parts called points. The compass box is suspended so as to preserve 

• its horizontal position Undisturbed by the motion of the vessel, by 
means of two concentric hoops called gimbals, one a little less than 
and included within the other. It is supported at two points upoA 
the lesser hoop, which are diametrically opposite, and this lesser 
hoop itself is supported by two points upon flie greater hoop, which 
are also diametrically opposite, but at right angles to the former. By 
these means the box, being at liberty to swing in two planes at right 
angles to each other, will maintain itself horizontal, and will there- 
fore keep the pivot supporting the needle vertical, whatever be the 
changes of position of the vessel. 

This arrangement is represented in^. 468., a vertical section of 
the compass box being given in^. 467. 

The sides of the cylindrical box are bl/, its bottom //', and the 
glass which covers it v. The magnetic bar or needle is supported 
on a vertical pivot by means of a conical cup, and can be ndsed 
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and lowered at pleasure by meaaa of a screw w. The compwa 
oud ia represeeted in seotioD &t rt', fig. 467., sod the diviaioDs 
npOD it marked by radutlag lines called the nwe aie repieBented in 
J^. 468. 

Two narrow plates, p andy, are atUchejl to the Bides of the bos 
ao'as to be dktnetricaUy opposed. Id p there ia a narrow vertical 
■lit Id j/ there is a wider vertical slit, alone which is stretched 
TOrticallv a thin wire. The eye placed at o looks through the two 
slits, and turns the instrament round its support until the object of 
(d)ritfTalioa is intersected h; the vertical wire, extended along the 
slit ji*. Provisions are made in the instrument by which the direo- 
tioB thui observed can be aaoertained relatively to that of the needle. 
The angle bclnded between the direc- 
tion of the observed object^ and that 
of the needle, is the bearifig of the 
object relatively to the needle. 

The compass box is suspended 
within the hoop e e', at two points » z 
diametncally opposed, and the hoop 
e e IS itself suspended within the fixed 
hoop c c", at two points x x', also dia- 
metncally opposed, but at right angles 
atz 

1652 The dipping~needie. — The 

apparatus represented in Jiff. 469,, 

called the dipping-needle, consiats of a 

magnetic needle e e, supported and 

balanced on a horizontal axia, and 

playing therefore in a vertical plane. 

The angles through which it turns are 

Tig, 469. indicated by a gr»luated circle It, the 

centre of which coincidea with the 

uu of the needle, and the frame which supports it has an azimuth 

ntrtioa round a vertical axis, which is indicated and measured by thp ' 
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graduated horizontal circle z z'. The iDstrument is adjtisted by 
means of a spirit-level, and regulating screws inserted in the feet. 

1653. Analysis of magnetic ph&iwmena of the earth, — Supplied 
with these instruments, it will be easy to submit to observation the 
magnetic phenomena manifested at different parts of the earth. 

If the azimuth compass be placed anywhere in the northern hemi- 
sphere, at London for example, the needle will take a certain posi- 
tioU; forming an angle with the terrestrial meridian, and directing 
one pole to a point a certain number of degrees west of the north, 
and the other to a point a like number of degrees east of the south. 
If it be turned aside from this direction, it will when liberated oscil- 
late on the one side and the other of this direction^ and soon come 
to rest in it. 

Since an unmagnetized needle would rest indifferently in any di- 
rection, this preference of the magnetized needle to one particular 
direction must be ascribed to a magnetic force exerted by the earth 
attracting one of the poles of the needle in one direction, and ^he 
other pole in the opposite direction. 

That this is not the casual attraction of unmagnetio fermginous 
matter contained within the earth, is proved by the fact that, if the 
direction of the needle be reversed, it will, when liberated, make a 
pirouette upon its pivot^ and after some oscillations resume its former 
direction. 

This remarkable property is reproduced in all parts of the earth, 
on land and water, and equally on the summits of lofty mountains^ 
in the lowest valleys, and in the deepest mines. 

1654. Magnetic meridian, — The direction thus assumed by the 
horizontal needle, in any given place, is called the magnetic meri- 
dian of that place. 

The direction of a needle which would point due north and south 
is the true meridian, or the terrestrial meridian of the place. 

1655. Declination or variation. — The angle formed by the mag- 
netic MERIDIAN and the terrestrial meridian is called some- 
times the VARIATION, and sometimes the declination of the 
needle. We shall adopt by preference the latter term. 

The declination is said to be eastern or western, according as 
the pole of the needle, which is directed northwards, deviates to the 
east or to the west of the terrestrial meridian. 

1656. Magnetic polarity of tlie earth, — To explain these pheno- 
mena, therefore, the globe of the earth itself is considered as a 
magnet, whose poles attract and repel the poles of the horizontal 
needle, each pole of the earth attracting that of an unlike name, and 
repelling that of a like name. 

If, therefore, the northern pole of the earth be considered as that 
which is pervaded by boreal magnetism, and the southern polo by 
austrsd magnetism, the former will attract the austral and repel the 
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boreal pole, and the latter will attract the boreal and repel the aus- 
tral pole of the needle. Hence it will follow that the pole of the 
needle which is directed northwards is the austral, and that which is 
directed southwards is the boreal pole. ^ 

1667. Change of direction of the dipping-needle, — ^It was shown 
(in 1649) that when a needle which is free to play in a vertical 
plane was carried over a magnet, it rested in the horizontal position 
only when suspended vertically over the equator of the magnet, and 
its austral and boreal poles were inclined downwards, according as 
the needle was suspended at the austral or boreal side of the equator, 
and that this inclination was augmented as the distance from the 
equator at which the needle was suspended was increased. Now it 
remains to be seen whether any phenomenon analogous to this is 
presented by the earth. 

For this purpose let the dipping-needle, jftg, 469., be arranged 
with its axis at right angles to the direction of the needle of the 
azimuth compass. It will then be found, that in general the dip- 
ping-needle will not rest in a horizontal position, but will assume a 
direction inclined to the vertical line, as represented in the figure, 
one pole being presented downwards, and the other upwards. 

The angle which the lower arm of the needle makes with the 
horizontal line is called the dip. 

If this apparatus be carried in this hemisphere northwards, in the 
direction in which a horizontal needle would point, the austral pole 
will be inclined downwards, and the dip will continually increase ; 
but if it be carried southwards, the dip will continually diminish. 
By continuing to transport it southwards, the dip continually dimi- 
nishing, a station will at length be found where the needle will t* est 
in the horizontal position. If it be carried further southwards, the 
boreal pole will begin to turn downwards ; in other words, the dip 
will be south instead of north, and as it is carried further south- 
wards, this dip will continue to increase. 

If the needle be carried northwards, in this hemisphere the dip 
continually augmenting, a station will at length be attained where 
the needle will become vertical, the austral pole being presented 
downwards, and the boreal pole upwards. 

In the same manner, in the southern hemisphere, if the needle be 
carried southwards, a station will at length be attained where it will 
become vertical, the boreal pole being presented downwards, and the 
austral pole pointing to the zenith. 

Complete analog^/ of tlie earth to a magnet. — By comparing these 
results with those which have been already described in the case 
where the needle was carried successively over a magnetic bar, the 
complete identity of the phenomena will be apparent, and it will be 
evident that the earth and the needle comport themselves in relation 
to each othei; exactly as do a small and a great magnet, over which 
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206 MAGNBTISM. 

it might be carried, the point ^vhere the needle is horizontal being 
over the magnetic equator, and those two points where it is Vertidd 
being the magnetic poles. 

1658. The magnetic equator, — ^The needle being broQsht to that 
point where it rests horizontal, the magnetic equator will oe at right 
angles to its direction. By transporting it successively in the one 
or the other direction thus indicated, the sucoessiYe pcnnts upon the 
earth's surface where the needle rests horizontal, and where the dip 
is nothing, will be ascertained. The line upon the earth traced by 
this point is the magnetic equator. 

Its form and position not regular, — This line is not, as might be 
expected, a great circle of the earth. It follows a course crossing 
the terrestrial equator from south to north, on the west coast of Af-* 
rica, near the island of St. Thomas, at about 7^ or 8^ long. E., in a 
direction intersecting the equator at an angle of about 12^ or 13^. 
It then passes across Africa towards Ceylon, and intersects that 
island near the point of the Indian promontory. It keeps a course 
from this of &om 8^ to 9^ of N. lat. through the Indian Archipe- 
lago, and then gradually declining towards the line again intersects 
it at a point in the Pacific Ocean in long. 170^ W., the angle at 
which it intersects the line being more acute than at the other point 
of intersection. It then follows a course a few degrees south of the 
line, and striking the west coast of South America near Lima, it 
crosses the South American continent, attaining the greatest south 
latitude near Bahia'; and then again ascending towards the line, tra- 
verses the Atlantic and strikes the coast of Africa, as already stated, 
near the island of St. Thomas. . 

The magnetic equator, unlike the ecliptic, is not any regular curve, 
but follows the course we have just indicated^in a direction slightly 
sinuous. 

Variation of the dip^ going north or south, -— It has been ex- 
plained, that proceeding from north or south, from the magnetic 
equator, the needle dips on the one side or on the other, the dip in- 
creasing with the distance from the magnetic equator to which the 
needle is transported north or south. 

Lines of equal dip. — The lines of equal dip, therefore, may be 
considered as bearing the same relation to the magnetic equator, 
which parallels of latitude bear to the terrestrial equator, being ar- 
ranged nearly parallel to the former, though not in a manner so 
regular as in the case of parallels of latitude. 

1659. — Magnetic meridians. — If the horizontal needle be trans- 
ported north or south, following a course indicated by its direction, 
it will be carried over a magnetic meridian. These magnetic meri- -/ 
dians, therefore, bear to the magnetic equator a relation analogous to / 
those which terrestrial meridians bear to the terrestrial equator, but, '- 
l|ke the lines of equal dip, tbey are much more irregular. 
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1660. MdCkod of {Mcertaming ike dedinaiion of ^ needles, — 
Astronomy supplies Tarious methods of determining in a given place 
the declinaldon of the needle. It may be generally, stat^ that this 
problem may be sdved by observing any object whose angular dis- 
tance from the true north is otherwise known^ and comparing the 
direction of such object with the direction of the needle. Let p, 
fg. 470.9 be the phrce of observation ; let p n be the direction of 

the true north, or, what is the same, the direction 
of the terrestrial meridian ; and let p n' be the di- 
rection (^ the magnetic needle, or, what is the 
same, the magnetic meridian. The angle N p n' 
will then be the declinatioD of the needle, being 
the angle formed J^y the terrestrial and magnetic 
meridians (1655). 

Let o be any object seen on the horizon in the 
direction po; the angle opn is called the true 
azimuth of this object, and the angle o p n' is 
called its magnetic azimuth. 
Fig. 470. This magnetic azimuth may always be observed 

by means of an azimuth compass. 
Tlf then, an object be selected whose true azimuth is otherwise 
known, the declination of the needle may be determined by taking 
the difference between the true and magnetic aziibuths of the object. 
There are numerous celestial objects of which the azimuths are 
either given in tables, or may be calculated by rules and formulae 
supplied by astronomy ; such, for example, as the sun and moon at 
the moments they rise or set, or when they are at any proposed or 
observed altitudes. By the aid of such objects, which are visible oc- 
casionally at all places, the declination of the needle may be fouud. 

Loccd declinations. — At different places upon the earth's surface 
the needle has different declinations. In Europe its mean declina- 
tioD is about 17^, increasing in going westward. 

1661. Innes of no declination called agonic lines. — There are 
two lines on the earth's surface which have been called agonio 
LINES, upon which there is no declination; and where, therefore, 
the needle is directed along the terrestrial meridian. One of these 
passes over the American and the other over the Asiatic continent, 
and the former has consequently been called the American and the 
kttor the Asiatio agonio. These lines run north and south, but 
do not IdIIow the course of meridians. 

It has been ascertained that their position is not fixed, but is liable 
to sensible changes in considerable intervals of time. 

1662. Declination in different longitvdeSy at equator, and in lat, 
45^. — In proceeding in either direction, east or west from these 
lines, the declination of the peedle gradually increases, and becomes 
a maximum at a eertaia intermediate point between them. On the 
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west of the Asiatic agonio the declination is west, on the east it is 
east. 

At present the declination in England is about 24^ W. ; in Bos- 
ton in the United States it is 5}° W. Its mean value in Europe is 
17^ W. At Bonn it is 20°, at Edinburgh 26°, Iceland 38°, Green- 
land 50°, Konigsberg 13°, and St. Petersburg 6°. 

The following table, however, will exhibit xhore distinctly the va- 
riation of the declination in different parts of the globe. The lon- 
gitudes expressed in the first column are measured westward from 
the meridian of Paris, and the declinations given in the second 
, column are those which are observed on the terrestrial equator, those 
in the third column corresponding to the mean latitude of 45°. 

Table of the Declinations of the magnetic Needle in different 
LoTigitudeSj and in Lat, = and Lot, =45°. 





DecIinationB. 




Declinations. 1 


LoBgitadet Weit 
cf the Meridian 




Louritudei Weit 
of the Meridian 














of Paris. 


Lat. BsQ* 


Lat =45^ 


of Paris. 


Lat. =:0. 


Lat.s450. 





19° W 


22° W 


190 


90 E 


HOB 


10 


19 W 


26 W 


200 


8 E 


8 B 


20 


16 W 


26 W 


210 


6 E 


4 E 


30 


11 W 


25 W 


220 


8 E 


2 E 


40 


4 W 


24 W 


230 


2 £ 


1 E 


60 


8 E 


24 W 


240 





1 W 


60 


5 E 


20 W 


250 








70 


8 E 


11 W 


260 


1 E 


8 E 


80 


10 E 


3 W 


270 


8 E 


4 B 


go 


10 E 


4 E 


280 





4 B 


100 


8 E 


11 E 


. 290 





4 B 


110 


6 E 


17 E 


300 


2 W 


2 B 


120 


6 E 


18 E 


310 


7 W 


1 W 


130 


6 E 


19 E 


320 


11 W 


6 W 


140 


6 E 


19 E 


830 


13 W 


10 W 


150 


6 E 


19 E 


340 


17 W 


14 W 


160 


7 E 


19 E 


360 


18 W 


17 W 


170 


E 


17 E 


860 


19 W 


22 W 


180 


10 E 


14 E 









1663. Isogonic lines. — Lines traced upon the globe at a point at 
which the magnetic needle has the same declinations, are called iso- 
gonic LINES. These, as well as tfce isoclinio lines, or lines of 
equal dip, are irregular in their arrangement, and not very exactly 
ascertained. 

1664. Local dip. — The local variations of the dip are also imper- 
fectly known. In Europe it ranges from 60° to 70°. In 1836 the 
dip observed at the under-mentioned places was as follows : — 

Pekin 54° 49' 

Rome 61° 42' 

Brussels 68® 32' 

St Petersburg 71° 

St. Helena 14° 60' ^ 

Rio de Janeiro 13° 30' 
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1665. P<miion of magnetic poles, — Tbe determinatiofi of tbe pre- 
6186 position of the magDetic poles, or the points where the dip is 
90^y is attended with considerable difficulty, inasmuch as for a con- 
siderable distance round that point the dip is nearly 90^. Hansteen 
considered that there were grounds for supposing that there were two 
magnetic poles in each hemisphere. One of these in the northern 
h6B(iisph«:« he supposed to be west of Hudson's Bay in 80^ lat. N., 
and 96^ long. W. ; and the other in Northern Asia in 81^ lat. N., 
and 116 long. E. The two southern magnetic poles he supposed to 
be situate near the southern pole. This supposition, however, ap- 
pears to be at present abandoned, and the observations of Gauss 
lead to the conclusion that there is but one magnetic pole in each 
hemisphere. 

In the northern voyages made between 1829 and 1833, Sir James 
Ross found the dipping-needle to stand vertical in the neighbourhood 
of Hudson's' Bay at 70° 5' 17" lat. N., and 114° 55' 18" long. W. 
The dipping-needle, according to the observations of Sir James Ross, 
was nowhere absolutely vertical, departing from the vertical in all 
cases by a small angle, amounting generally to one minute of a de- 
gree. This, however, might be ascribed to the error of observation, 
or the imperfection of instruments exposed to such a climate. 

The existence of the magnetic pole, however, at or near the point 
indicated, was proved by carrying round it at a certain distance a hori- 
sontal needle, which always pointed to the spot in whatever direction 
it was carried. Gauss has fixed the position of the magnetic pole in 
the southern hemisphere by theory at 72° 85' lat. S., and 152° 30' 
long. E. 

1666. Magnetic poles not antipodal, — ^It will be perceived, there- 
fore, that the magnetic poles, unlike the terrestrial poles, are not 
antipodal to eacb other ; or, in other words, they do not form the 
extremities of the same diameter of the globe ^ they are not even on 
the same meridian. If Gauss's statement be assumed to be correct^ 
the southern magnetic pole is on a meridian 152° 30' E. of the me- 
ridian of Greenwich, and therefore 207° 30' W. of that meridian, 
whereas the northern magnetic pole is on a meridian 114° 55*" 18" W. 
The angle, therefore, under the two meridians passing through the 
two poles will be about 92^°. It would follow, therefore, that these 
points lie upon terrestrial meridians nearly at right angles to each 
other^ and -that upon these they are at nearly equal distances from 
the terrestrial poles ; the distance of the northern magnetic pole from 
the northern terrestrial pole being nearly 20°, and the distance of 
tBe southern magnetic pole from the southern terrestrial pole being 
about 17i°. 

1667. Periodical variations of terrestrial magnetism. — It appears, 
ftom observations made at intervals of time mpre or less distant for 
about two centuries back, that the magnetic condition of the earth 

18* 



210 



MAGNBTISM. 



is subject to a periodical change ; but neither the quantity nor the 
law of this change is exactly known. It was not until recently that 
magnetic observations were conducted in such a manner as to supply 
the data necessary for the development of the laws of magnetic 
variation, and they have not been yet continued a sufficient length 
of time to render these laws manifest. 

Independently of observation, theory affords no means of ascer- 
taining these laws, since it is not certainly known what are the 
physical causes to which the magnetism of the earth must be 
ascribed. 

In the following table are given the declinations of the needle 
observed at Paris between the years 1580 and 1835, and i;he dip 
between the years 1671 and 1835. 

Tahle of Declinations observed at Paris. 



Tear. 


Oecliaation. 


Year. 


DMliaation. 


1580 


11° Sy E 


1816 


220 26'W 


1618 


8 


1817 


22 19 


1663 





1823 


22 23 


1678 


1 SOW 


1824 


22 23 


1700 


8 10 


1825 


22 22 


1780 


19 55 


1827 


22 20 


1786 


22 


1828 


22 6 


1805 


22 5 


1829 


22 12 


1813 


22 28 


1832 


22 8 


1814 


22 34 


1835 J 


22 4 



Table of the Dip observed at Paris. 



Tear. 


Dip. 


Tear. 


Dip. 




* 1671 


730 


1819 


680 26' 




1754 


. 72 ly 


1820 


68 20 




1776 


72 25 


1821 


68 14 




1780 


71 48 


1822 


68 11 




1791 


70 52 


1823 


68 8 




1798 


69 51. 


1825 


68 




1806 


69 12 


1826 


68 




1810 


68 50 


1829 


67 41 




1814 


68 36 


1831 


67 40 




1816 


68 40 


1836 


67 24 




I 1818 


68 35 









1668. Intensity of terrestrial magnetism. — The intensity of ter- 
restrial magnetism, like that of a common magnet, may be estimated 
by the rate of vibration which it produces in a magnetic needle sub- 
mitted to its attraction. This method of determining the intensity 
of magnetic force is in all respects analogous to those by which the 
intensity of the earth's attraction is determined by a common pen- 
dulum (Handbook of Mechanics, 549). The same needle being ex- 
posed to a varying attraction will vary its rate of vibration, the force 
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wbich atfraots it being proportional to the square of the number of 
vibrations wbich it makes in a given time. Thus, if at one place it 
makes ten vibrations per minute, and in another only eight, tho 
magnetio force which produces the first will be to that which produces 
tiie second rate of vibration, as 100 to 64. 

1669. Increases from eqwator to poles, — In this manner it has 
been found that the intensity of terrestrial magnetism is least at 
the magnetic equator, and that it increases ^adually in approaching 
the poles. 

1670. IsodyTiamic lines. — Those parts of the earth where the 
magnetic intensities are equal are called tsodt/namic lines, and re- 
semble in their general arrangement, without however coinciding 
with them, the isoclinic curves or magnetic parallels of equal dip. 

1671. Their near coincidence with isothermal lines. — It has been 
found that there is so near a coincidence between the isodynamic and 
the isothermal lines, that a strong presumption is raised that terres- 
trial magnetism either arises from terrestrial heat, or that these phe- 
nomena have at least a common origin. 

1672. Equatorial and polar intensities. — It appears to follow 
from the general result of observations made on the intensity of ter- 
restrial magnetism, that its intensity at the poles is to its intensity 
at the equator nearly in the ratio of 3 to 2. 

1673. Effect of the terrestrial inagnetism on soft iron. — If any- 
thing were wanted to complete the demonstration that the globe of 
the earth is a true magnet, it would be supplied by the etfects pro- 
duced by it upon substances susceptible of magnetism, but which are 
not yet magnetized. It has been already shown that when a bar of 
soft iron is presented to the pole of a magnet, its natural magnetism 
is decomposed, the austral fluid being attracted to one extremity, and 
the boreal fluid repelled to the other, so that the bar of soft iron 
becomes magnetized, and continues so as long as it is exposed to the 
influence of the magnet. Now, if a bar of soft iron be presented to 
the earth in the same manner, precisely the same eflects will ensue. 
Thus, if it be held in the direction of the dipping-needle, so that 
one of its ends shall be presented in the direction of the magnetic at- 
traction of the earth, it will become magnetic, as may be proved by any 
of the tests of magnetism already explained. Thus, if a sensitive needle 
be presented to that end of the bar which in the northern hemisphere 
is directed downwards, austral magnetism will be manifested, the 
boreal pole of the needle being attracted, and the austral pole re- 
pelled. If the needle be presented to the upper end of the bar, 
contrary effects will be manifested; and if it be presented to the 
middle of the bar, the neutral line or equator will be indicated. If 
the bar be now inverted, the upper end being presented downwards, 
and vice versd, still parallel to the dipping-needle, its poles will also 



212 Hi^NBTISM. 

bo inverted, the lower, which previonsly was boreal; being austral, 
and vice versd. 

K the bar be held in any other direction, inclined obliquely to the 
dipping-needle, the same effects will be manifested, but in a less 
degree, just as would be the ease if similarly presented to an arti- 
ficial magnet; and, in fine, if it be held at right angles to the direc- 
tion of the dipping-needle, no magnetism whatever will be developed 
in it. 

1674. Its effects on steel bars. — If the same experiments be made 
with bars of hard iron or steel, no sensible magnetism will at first be 
developed; but if Hhey be held for a considerable time in the same 
position, they will at length become magnetic, as would happen under 
like conditions with an artificial magnet. Iron and steel tools which 
are hung up in workshops in a vertical position are found to become 
magnetic, an effect explained by this cause. 

1675. Diurnal variation of the needle, — Besides the changes in 
the magnetic state of the earth, the periods of which are measured 
by long intervals of time, there are more minute and rapid changes 
depending apparently upon the vicissitudes of the seasons and the 
diurnal changes. 

The magnitude of the diurnal variation depends upon the situation 
of the place, the day, and the season, but it is obviously connected 
with the function of solar heat. At Paris it is observed that during 
the night the needle is nearly stationary ; at sunrise it begins to 
move, its north pole turning westwards, as if it were repelled by the 
influence of the sun. About noon, or more generally between noon 
and three o'clock, its western variation attains a maximum, and then 
it begins to move eastward, which movement continues until some 
time between nine and eleven o'clock at night, when the needle re- 
sumes the position it had when it commenced its western motion in 
the morning. 

The amplitude of this diurnal range of the needle i», according to 
Cassini's observations, greatest during summer and least during 
winter. Its mean amount for the months of April, May, June, July, 
August, and September is stated at from 13 to 15 minutes; and for 
the months of October, November, December, January, and March , 
at from 8 to 10 minutes. There are, however, occasionally, days 
upon which its range amounts to 25 minutes, and others when it 
does not surpass 5 or 6 minutes. Cassini repeated his magnetic ob- 
servations in the cellars constructed under the Paris observatory at a 
depth of about a hundred feet below the surface, and therefore re- 
moved from the immediate influence of the light and heat of the 
day. The amplitude of the variations, and all the peculiarities of 
the movement of the needle here, were found to be precisely the 
same as at the surface. 

In more northern latitudes, as, for example, in Denmark, Iceland^ 
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and North America, the diurnal yariations of the needle are in 
general more considerable and less regular. It appears, also, that in 
these places the needle is not stationary during the night, as in Paris, 
and that it is towards evening that it attains its maximum westward 
deviation.* On the contrary, on going from the north towards the 
magnetic equator the diurnal variations diminish, and cease altogether 
on arriving at this line. It appears, however, according to the ob- 
servations of Captain Duperrey, that the position of the sun north or 
south of the terrestrial equator has a perceptible influence on the 
oscillation of the needle. 

On the south of the magnetic equator the diurnal variations are 
produced, as might be expected, in a contrary manner ; the northern 
pole of the magnet turns to the east at the same hours that, in the 
northern hemisphere, it turns to the west. 

It has not yet been certainly ascertained whether in each hemi- 
sphere these diurnal variations of the needle correspond in the places 
where the eastern and western declinations also correspond. 

The dip is also subject to certain diurnal variations, but much 
smaller in their range than in the case of the horizontal needle. 

As a general result of these observations it may be inferred, that 
if a magnetic needle were suspended in such a manner as to be free 
to move in any direction whatever, it would, during twenty-four 
hours, move round its centre of suspension in such a manner as to 
describe a small cone, whose base would be an ellipse or some other 
curve more or less elongated, and whose axis is the mean direction 
of the dipping-needle. 

1676. Disturbances in the magnetic intensity. — The intensity as 
well as the direction of the magnetic attraction of the earth at a given 
place are subject to continual disturbances, independently of those 
more regular variations just mentioned. 

These disturbances are in general connected with the electrical 
state of the atmosphere, and are observed to accompany the phe- 
nomena of the aurora borealis, earthquakes, volcanic eruptions, 
sodden vicissitudes of temperature, storms, and other atmospheric 
disturbances. 

1677- Influence of aurora borealis. — During the appearance of 
the aurora borealis in high latitudes, a considerable deflection of the 
needle is generally manifested, amounting often to several degrees. 
So closely and necessarily is magnetic disturbance connected with 
tiiis atmos|>heric phenomenon, that practised observers can ascertain 
Uie existence of an aurora borealis by the indications of the needle, 
when the phenomenon itself is not visible. 
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CHAP. IV. 

MAONETIZATION. 

1678. Effects of induction. — ^The process by wbieh artificial mag- 
nets are produced are all founded upon the property of indootioa 
(Ch. II.). When one of the poles of a magnet is presented to any 
body which is susceptible of magnetism, it will have a tenden^ to 
decompose the magnetic fluid in the body to which it is presented, 
attracting one of its constituents and repelling the other. If tlie 
coercive force by which the fluids are combined be greater than the 
energy of the attraction of the magnet, no decompositioa will take 
place, and the body to which the magnet is presented will not be 
magnetized, but the coercive force with which the flaidB are united 
will be more susceptible of being magnetized than before. 

If, however, the energy of the magnetic force of the magnet pre- 
sented to it be greater than the coercive force with which the fluids 
are united, a decomposition will take place, which will be more or 
less in proportion as the force of the magnet exceeds in a greater or 
less degree the coercive force which unites the magnetic fluids. 

1679. Their application in the production of artificial magnets. 
— These principles' being well understood, the methods of producing 
artificial magnets will be easily rendered intelligible. 

It has been already explained, that pure soft iron is almost, if not 
altogether, divested of coercive force, so that a bar of this substance 
is converted into a magnet instantaneously when the pole of a mag- 
net is presented to it; but the absence of coercive force, which 
renders this conversion so prompt, is' equally effieadousin depriving 
the bar of its magnetism t^e moment the magnet whidi j^oduces 
this magnetism is removed. 

1680. Best material for a^tifidcd mflr^^nofo.-— Soft iron, therefoi«| 
is inapplicable when the object is to produce permanent magnetiaBi. 
The material best suited for this purpose is steel, especially that 
which has a fine grain, a uniform structure, and is free from flaws. 
It is necessary that it should have a certain degree of hardness, and 
that this should be uniform through its entire mass. If the hard- 
ness be too great, it is difficult to impart to it the magnetic virtue ; 
if not great enough, it loses its magnetism for want of sufficient 
coercive force. To render steel bars best fitted for artificial magnets, 
It has been found advantageous to confer upon them in the fint 
instance the highest degree of temper, and thus to render them as 
hard and brittle as glass, and then to anneal them until they are 
brought to a straw or violet colour. 

1681. Best form for bar m^nets. — The intensity of aitifioial 
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magnetB depends also, to some extent, upon their form and magni- 
tade. It has been ascertained, that a bar magnet has the best pro- 
portion when its thickness is about one-fourth and its length twenty 
times its breadth. 
1682. HarsQ-shoe magnets, — Bar magnets are sometimes shaped 

in the form of a horse-shoe, and are -hence called 
HORSB-SHOE MAGNETS, as represented in^i^. 471. 
When magnets are constructed in this form, the 
distance between the two poles ought not to be 
greater than the thickness of the bar of which the 
maenet consists. The surface of the steel forming 
both barS) in horse-shoe magnets, should be ren- 
dered as even and as well polished as possible. ' 

1683. Methods of prodvcing artificial magnets 
hy friction, — Two methods of imparting magnetism 
by friction are known as those of Duhamel and 
JSpinus. The former is sometimes called the 
method of single touchy and the latter the method 
of double touch, 

1684. Method of single touch. — The method 
of Duhamel, or of single touch, is practised as follows. The bar 
ilji^ftg, 472., which is to be magnetized, is laid upon a block of 




^g. 471. 




wood L projecting at each end a couple of inches. Under the ends 
are ']^aoed the opposite poles A and b of two powerful magnets, so 
IB to be in close contact with the bar to be magnetized. The influ- 
enoe of the pole a will be to attract the boreal fluid of the bar 
towards the end b', and to repel the austral fluid towards the end a'; 
tnd the effect of the pole b will be similar, that is to say, to repel 
the boreal fluid towards the end b', and to attract the austral towards 
the end A'. It is evident, therefore, that if the coercive force of the 
magnetism of the bar a' b' be not greater than the force of the 
magnets A and b, a decomppsition will take place by simple contact, 
and the bar a' b' will be converted into a magnet, having its austral 
pole at a' and its boreal pole at b' ; and, indeed, this will be accom- 
plished even though the coercive force of the bar a' b' be considera- 
ble, if it be left a sufficient length of time under the influence of the 
magnets a and b. 

But without waiting for this, its magnetization may be accom- 
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plisbcd immediately by the following process. Let two bar magnets 
a and h be placed in contact with the bar a' b', to be magnetized 
near its middle point, but without touching each other, and let them 
be inclined in opposite directions to the bar a' b', at angles of about 
80^, as represented in the figure. Let the bar which is applied on 
the side b' have its austral pole, and that which is applied on the 
side a' itB boreal pole in contact with the bar a' b', and to prevent 
the contact of the two bars a and h, let a small piece of wood, lead, 
copper, or other substance not susceptible of magnetism, be placed 
between them. Taking the two bars a and 5, one in the right and 
the other in the left hand, let them now be drawn in contrary direc- 
tions, slowly and uniformly along the bar a' b', from its middle to its 
extremities, and being then raised from it, let them be again placed 
as before, near its middle point, and drawn again uniformly and 
slowly to its extremities ; and let this process be repeated until the 
bar a' b' has been magnetized. 

It is evid^t that the action of the two magnetic poles a and h will 
be to decompose the magnetic fluid of the bar a' b', and that in this 
they are aided by the influence of the magnets A and B, which en- 
feeble, as has been already shown, the coercive force. 

This method is applicable with advantage to magnetize, in the 
most complete and regular manner, compass needles, and bars whose 
thickness docs not exceed a quarter of an inch. 

1685. Method of double touch. — When the bars exceed this 
thickness, this method is insufficient, and that of ^pinus, or the 
method of double touch, is found more efiectual. This method is 
practised as follows. 

The bars a and h are placed as before, but instead of /being held 
in the two hands are attached to a triangle, by which they are main- 
tained permanently in their position, and held tc^gether. 

Being placed at the centre of the bar a' b', they are moved to- 
gether first to one extremity b', and then back along the length of 
the entire bar to the other extremity a'. They are then again drawn 
over the bar to b', and so backwards and forwards continuously until 
the bar is magnetized. The operation is always terminated when 
the bars have passed over that half of the bar a' b' opposite to that 
upon which the motion commenced. Thus if the operation com- 
menced by moving the united bars a h from the centre to the end 
b', it will be terminated when they are moved from the extremity a! 
to the middle. 

1G86. Inapplicahh to compass needles and long bars. — By this 
method a greater quantity of magnetism is developed than in that of 
Duhamel, but it should never be employed for magnetizing compass 
needles or bars intended for delicate experiments, since it almost 
always produces magnets with poles of unequal force, and frequently 
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^ves them consequent points (1648); especially when the bars have 
considerable length. 

1687. Magnetic saturation, — Since the coercive force proper to 
each body resists the rccomposition of the magnetic fluids, it follows 
that the quantity of magnetism which a bar or needle is capable of 
retaining permanently, will be proportional to this coercive force. 
If, by the continuance of the process of magnetization and the influ- 
ence of very powerful magnets, a greater development of magnetism 
be produced than corresponds with the coercive force, the fluids will 
be recomposed by the mutual attraction until the coercive force resists 
any further rccomposition. The tendency of the magnetic fluids to 
unite being then in equilibrium with the coercive force, no further 
recomposition will take place^ and the bar will retain its magnetism 
undiminished. 

When the bar is in this state, it is said to be magnetized to satu- 
ration. 

It has been generally supposed that when bars are surcharged 
with magnetism they lose their surplus and fall suddenly to the 
point of saturation, the rccomposition of the fluids being instanta- 
neous. 

M. Pouillet, however, has shown that this rccomposition is gradual, 
and after magnetization there is even in some cases a reaction of the 
fluids which is attended with an increase instead of a- diminution of 
magnetism. He observes that it happens not unfrequently that the 
magnetism is not brought to permanent equilibrium with the coercive 
force for several months. 

1688. Limit of magnetic force. — It must not be supposed that 
by the continuance of the processes of magnetization which have 
been described above, an indefinite development of magnetism can 
be produced. When the resistance produced by the coercive force 
to the decomposition of the fluids becomes equal to the decomposing 
power of the magnetizing bars, all further increase of magnetism 
will cease. 

It is remarkable that if a bar which has been magnetized to satu- 
ration by magnets of a certain power be afterwards submitted to the 
process of magnetization by magnets of inferior power, it will lose 
the excess of its magnetism and fall to the point of saturation corre- 
sponding to the magnets of inferior power. 

1689. Influence of the temper of the bar on the coercive force. — 
Let a bar of steel ^mpered at a bright red heat be magnetized to 
Baturatiod, and let its magnetic intensity be ascertained by the vibra- 
tion of a needle submitted to its attraction. Let its temper be then 
brought by annealing to that of a straw colour, and being again mag- 
netized to saturation, let its magnetic intensity be ascertained. lu 
like manner, let its magnetic intensities at each temper from the 
highest to the lowest be observed. It will be found that the bars 
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which have the highest temper have the greatest coercive force, and 
therefore admit of the greatest development of magnetism, but even 
at the lowest tempers they are still, when magnetized to saturation, 
susceptible of a considerable magnetic force. 

Although highly tempered steel has this advantage of receiving 
magnetism of great intensity, it is, on the other hand, subject to the 
inconvenience of extreme brittleness, and consequent liability to 
fracture. A slight reduction ' of temper causes but a small dimi- 
nution in its charge of magnetism, and renders it much less liable to 
fracture. 

1690. Effects of terrestrial magnetism on bars, — It has been 
already shown that the inductive power of terrestrial magnetism is 
capable of developing magnetism in iron bars, and, under certain 
conditions, of either augmenting, diminishing, or even obliterating 
the magnetic force of bars already magnetized. In the preservation 
of artificial magnets, therefore, this influence must be taken into 
account. 

According to what has been explained, it appears that if a mag- 
netic bar be placed in the direction of the dipping-needle in this 
hemisphere, the earth's magnetism will have a tendency to attract 
the austral magnetism downwards, and to repel the boreal upwards. 
If, therefore, the austral pole of the bar be presented downwards, 
this tendency will preserve or even augment the magnetic intensity 
of the bar. But if the magnet be in the inverted position, having 
the boreal pole downwards, opposite effects will ensue. The austral 
fluid being attracted downwards, and the boreal driven upwards, a 
recombination of the fluids will take place, which will be partial or 
complete according to the coercive force of the bar. If the coercive 
force of the bar exceed the influence of terrestrial magnetism, the 
effect will be only to diminish the magnetic intensity of the bar ; but 
if not, the effect will be the recomposition of the magnetic force and 
the reduction of the bar to its natural state ; but if the bar be still 
held in the same position, the continued effect of the terrestrial 
magnet will be again to decompose the natural magnetism of the 
bar, driving the austral fluid downwards and repelling the boreal up- 
wards, and thus reproducing the magnetism of the bar with reversed 
polarity. 

1691. Means of preserving magnetic hars from these effects hy 
armatures or keepers. — It is evident, therefore, that when it is de- 
sired to preserve magnetized bars unaltered, they must be protected 
from these effects of the terrestrial magnet, and the manner of ac- 
complishing this is by means of armatures or keepers. 

When the magnetic bars to be preserved are straight bars of equal 
length, they are laid parallel to each other, tlieir ends correspond- 
ing, but with poles reversed, so that the austral pole of each shall be 
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in juxtaposition with the boreal pole of tlie other, as represented in 
fi9^ 473. 

^ j^ A bar of soft iron called the keeper is 

I * applied as represented at k, in contact with 
* I ^ the two opposite poles A and b', and another 

B' A. similar bar k' in contact with a' and B, so 

Fig. 473. as to complete the parallelogram. In this 

arrangement the action of the poles A and 
b' upon the keeper k is to decompose its magnetism, driving the 
austral fluid towards b' and the boreal fluid towards a'. The boreal 
fluid of K exercises a reciprocal attraction upon the austral fluid of A, 
and the austral fluid of K exercises a corresponding attraction upon 
the boreal fluid of b'. Like efliects are produced by the keeper r' at 
the opposite poles a' and B. 

In this manner the decomposition of the fluids in the two bars A B 
and a' b' is maintained by the action of the keepers K and k'. 

If the magnet have the horse-shoe form, this object is attained by 
a single keeper, as represented in jig. 471. 

The keeper k is usually formed with a round edge, so as to touch 
the magnet only in a line, and not in a surface, as it would do if its 
edge were flat. It results from experience that a keeper kept in 
contact in this manner for a certain length of time with a magnet, 
augments the attractive force, and appears to feed^ as it were, the 
magnetism. 

1092. Magneiiim, may he preserved hy terrestrial induction. — 
Magnetic needles, suspended freely so as to obey the attraction of 
terrestrial magnetism, do not admit of being thus protected by keep- 
ers; but neither do they require it, for the austral pole of the needle 
being always directed towards the boreal pole of the earth, and the bo- 
real pole of the needle towards the austral pole of the earth, the terres- 
trial magnet itself plays the part of the keeper, continually attracting 
each fluid towards its proper pole of the magnet, and thus maintain- 
ing its magnetic intensity. 

1693. Compound magnets. — Compound magnets are formed by 
the combination of several bar magnets of similar form and equal 
magnitude, laid one upon another, their corresponding poles being 
placed in juxtaposition. 

A compound horse-shoe magnet, such as that represented in fig. 
471., is formed in like manner of magnetized bars, superposed on 
each other and similar in form, their corresponding poles being placed 
in joxtaposition. These bars, whether straight or in the horse-shoe 
form are separately magnetized before being combined by the methods 
already explained. 

In the case of the horse-shoe magnet a ring is attached to the 
keeperi and another to the top of the horse-shoe,^. 471., bO that 
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the magnet being suspended from a fixed point, weights may be at- 
tached to the keeper tending to separate it from the magnet. 

In this way horse-shoe magnets often support from ten to twenty 
times their own weight. 

1694. Magnetized tracings on a steel plate. — If the pole of a 
magnet be applied to a plate pf steel of about one-tenth of an inch 
thick and of any superficial magnitude, such as a square foot, and be^ 
moved slowly upon it, tracing any proposed figure, the line traced 
upon the steel plate will be rendered .magnetic, as will be indicated 
by sprinkling steel filings upon the plate. They will adhere to those 
points over which the magnet has been passed, and will assume the 
form of the figure traced upon the plate. , 

1695. Influence of heat on magnetic bars, — ^The influence of heat 
upon magnetism, which was noticed at a very early period in the 
progress of magnetic discovery, has lately been the subject of a series 
of experimental researches by M. Kupfler, from which it appears 
that a magnetic bar when raised to a red heat does not lose its 
magnetism suddenly at that temperature, but parts with' it by slow 
degrees as its temperature is raised. This curious fact was ascer- 
tained by testing the magnetism of the bar, by the means explained 
in (1668), at different temperatures, when it was found that at dif- 
ferent degrees of heat it produced different rates of oscillation of the 
test needle. 

It was also ascertained that, in order to deprive a magnetic bar 
of all its magnetism when raised to a given temperature, a certain 
length of time was necessary. 

Thus a magnetic bar plunged in boiling water, and retuned there 
for ten minutes, lost only a portion of its magnetism, and after being 
withdrawn and again plunged in the water for some length of time, 
it lost an additional portion of its attractive force ; and by continuing 
in the same manner its immersion for the same interval, its magnetic 
force was gradually diminished, a part still, however, remaining after 
seven or eight such immersions. 

A magnetic bar, when raised to a red heat, not only loses its mag- 
netism, but it becomes as incapable of receiving magnetism from any 
of the usual processes of magnetization, as would be any substance 
the most incapable of magnetism. 

Astatic needle. — All magnets freely suspended being subject to 
the influence of terrestrial magnetism, the effects produced upon 
them by other causes are necessarily compounded with those of the 
earth. Thus, if a magnetic needle be exposed to the influence of 
any physical agent, which, acting independently upon it, would cause 
its north pole to be directed to the east, the pole, being at the same 
time affected by the magnetism of the earth, which acting alone upon 
it would cause it to be directed to the north, will take the interme- 
diate direction of the north-east. When, in such cases, the exact 
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effect of the earth's magnetism on the direction of the needle is 
known; and the compound effect is ohserved, the effect of the physi- 
cal agent by which the needle is disturbed may generally be elimi- 
nated and ascertained. It is, nevertheless^ often necessary to submit 
a magnetic needle to experiments, which require that it should be 
rendered independent of the directive influence of the earth's mag- 
netism, and expedients have accordingly been invented for accom- 
plishing this. 

A needle which is not affected by the earth's magnetism is called 

an ASTATIC NEEDLE. 

A magnetic needle freely suspended over a fixed bar* magnet will 
]^ye a tendency, as already explained, to take such a position that 
its magnetic axis shall be parallel to that of the fixed magnet, the 
poles being reversed. Now if the fixed magnet be placed with its 
magnetic axis coinciding with the magnetic meridian, the poles being 
reversed with relation to those of the earth, its directive influence on 
the needle will be exactly contrary to that of the earth. While the 
earth has a tendency to turn the austral pole of the needle to the 
north, the magnet luis a tendency to turn it to the south. If these 
tendencies be exactly equal, the needle will totally lose its polarity, 
and will rest indifferently in^ny direction in which it may be placed. 

As the influence of the bar magnet on the needle increases as its 
distance from it is diminished, and vice versdy it is evident that it 
may always be placed at such a distance from it, that its directive 
force shall be exactly equal to that of the earth. 

In this case, the needle will be rendered astatic. 

A needle may also be rendered astatic by connecting with it a 
second needle, having its magnetic axis parallel and its poles reversed, 
both needles having equal magnetic forces. The compound needle 
thus formed being freely suspended, the directive power of the earth 
on the one will be equal and contrary to its directive power on the 
other, and it will consequently rest indefinitely in any direction. 

It is in general, however, almost impracticable to ensure the exact 
equality of the magnetism of two needles thus combined. If one 
exceed the other, as is generally the case, the compound will obey a 
feeble directive force equal to the difference of their magnetism. 



19* 



BOOK THE THIRD. 

ELECTRICITY. 

CHAR I. 

ELECTRICAL ATTRACTIONS AND REPULSIONS. 

1696. Electrical effects, — If a glass tube being well dried be 
briskly rubbed witlut dry woollen cloth, the following effects may 
be produced. 

The tube, being presented to certain light substances, such as 
feathers, metallic leaf, bits of light paper, filings of cork or pith of 
elder, will attract them. 

If the friction take place in the dark, a bluish light will be seen 
to follow the motions of the cloth. 

If the glass be presented to a metallic body, or to the knuckle of 
the finger, a luminous spark accompanied by a sharp cracking sound, 
will pass between the glass and the finger. 

On bringing the glass near the skin, a sensation will be produced 
like that which is felt when we touch a cobweb. 

The same effects will be produced by the cloth with which the 
glass is rubbed as by the glass itself. 

An extensive class of bodies submitted to the same kind of mu- 
tual friction produce similar effects. 

1697. Origin of the name Electricity, — The physical agency 
from which these and like phenomena arise has been called elec- 
tricity, from the Greek word r(i^xt^ (electron), signifying amber, 
that substance having been the first in which the property was ob- 
served by the ancients. 

To study the laws which govern electrical forces, let an apparatus 
be provided, called an electric pendulum, consisting of a small ball 
b',3^<7. 474., about the tenth of an inch in diameter, turned from 
the pith of elder, and suspended, as represented in the figure, by a 
fine silken thread attached to a convenient stand. 

If the glass tube, after being rubbed as above described, be brought 
into contact successively with two pith balls thus suspended, and then 
separated from them, a property will be imparted to the balls in 
virtue of which they will be repelled by the glass tube when it is 
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broaglit nearer them, and they will in hko manner repel each other 
when brought into proximity. 

Thus, if the glaas tube b, Jig. 474., be brought nearer the ball 
B*, the ball vill depart from its vertical position, and wiU incline 
itself from the tube in the position b. 



Fig. it*. 



Tig. 476. 



If the two ballsj being previously brought into contact with the 
tnbe, be placed near each other, as in Jig. 475., they will incliac from 
each other, departing from the vertical positions B and b', and taking 
the potddons b and f/. 

1698. The electric fiaid. — These effects are esplained by the 
Huppositaon that a subtle and imponderable fluid has been developed 
upon the glass tnbe which ia self-re pn Isive ; that bj touchiug the 
balls, a portion of this fluid has been imparted to them, which ia 
diffused over their surface, and which, for reasons that will hereafter 
appear, cannot escape by the thread of suspeusion ; that the fluid 
lemuning on the glass tube repels this flnid difiiiscd on the balls, 
ud therefore repels the bolls tberoselvea which are invested by the 
flaid; sod, in fine, that the fiuid diffused on the one ball repels and 
ia repelled by the fluid difiiised on tho other ball, and that the balls 
being covered by the fluid are reciprocally repelled. 

A vast body of phenomena, the most importint of which will bo 
described in the following chapters, have converted this supposition 
into a oertaiuty, accepted oy all sciontiflc authorities. 

The fluid prodncing these effects ia called the electric fluid. 

1699. Pontive and negative electriciti/. — If the hand which holds 
tite cloth be covered with a dry silk glove, the cloth, after the friction 
with the glass, will exhibit the same effects as above described. If 
it be brought into contact with the balls and separated from them, it 
vill repel them, and the balls themselves will repel each other. 

It appears, therefore, that by the friction the electric fluid is at the 
nine time developed on the glass and on the cloth. 
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If after friction the glass be brought into contact with one ball B^ 
fig.^^lb., and the' cloth with the other b', other effects will be 
observed. The glasS; when presented to the ball b'^ will attract it, 
and the cloth presented to the ball b will attract it. 

The balls, when brought near each other; will now exhibit mutual 
attraction instead of repulsion. 

It follows, therefore, that the electric fluid developed by friction 
on the cloth differs from that developed on the glass, inasmuch as 
instead of being characterized by reciprocal repulsion they are 
mutually attractive. 

The supposition, therefore, which has been briefly stated above will 
require modification. 

1700. Hypothesis of a single electric fluid, — According to some, 
the effect of the friction is to deprive the cloth of a portion of its 
natural charge of electricity, and to surcharge the glass with what 
the cloth loses; and accordingly the glass is said to he jpositivel^f and 
the cloth negatively electrified. 

On this supposition, bodies in their natural state have always a 
certain charge or dose of the electric fluid, the repulsive effect of 
which is neutralized by the attraction exercised by the body upon it. 
The electric equilibrium which constitutes this natural state may be 
deranged, either by overcharging the body with the electric fluid, or 
by withdrawing from it a part of what it naturally, possesses. In the 
former case, the repulsion of the surplus charge not being neutralized 
by the attraction of the body takes effect. In the latter case, the 
attraction of the body being more than equal to the repulsion of the 
charge of electricity upon it, will take effect upon any electricity 
which may come within the sphere of its action. 

This, which is called the single fluid theory, was the hypo- 
thesis adopted by Franklin, and after him by most English 
electricians until recently, when phenomena were developed in 
experimental researches, of which it failed to afford a satisfactory 
explanation; and, accordingly, the hypothesis of two fluids, which 
was generally received on the Continent, has found more favour also 
in England. 

1701. Hypothesis of two fluids. — According to the theory op 
TWO FLUIDS, bodies in their natural or unelectritied state are charged 
with a compound electric fluid consisting of two constituent, called by 
some the vitreous and resinous, and by others the positive and 
NEGATIVE, fluids. These fluids are each self-repulsive, but are 
mutually attractive. "When they pervade a body in equal quantity, 
^heir mutual attractions, neutralizing each other, keep them in reposei 
like equal weights suspended from the arms of a balance. When 
either is in excess, the body is positively or negatively electrified, as 
the case may be, the attraction or repulsion of the surplus of the 
redundant fluid being effective. 
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1702. Results of scieniific research indepeTident of these hypo- 
theses. — Since the language in which the phenomena of electricity 
are described and explained must necessarily have relation to these 
hypotheses^ it has been necessary in the first instance thus briefly to 
state them. It must; however, be remembered, that the question of 
the validity of these theories does not affect the conclusions which 
will be deduced from observation^ the proper use of hypotheses being 
limited to their convenience in supplying a nomenclature to the 
science and in grouping and classifying the phenomena. 

1703. Hyjpoihesis of two fluids preferred, — The hypothesis of 
two fluids supplying, on the wholC; the most complete and satisfactory 
explanation of the phenomena, is that which we shall here generally 
adopt; but we shall retain the terms positive and negative 
electaricity, which, though they ere derived originally from the theory 
of a single fluid, are generally adopted by scientific writers who adhere 
to the other hypothesis. 

1704. JSxplanation of the above effects produced hy the pith 
balls, — We are then to consider that when the glass tube and 
woollen cloth are submitted to mutual friction, their natural electri- 
cities are decomposed, the positive fluid passing to the glass, and the 
negative to the doth. The glass thus becomes surcharged with 
positive, and the cloth with negative, electricity. 

The pith ball B, flg, 475., touched by the glass, receives the 
positive fluid from it, and the pith ball b' touched by the cloth 
receives the negative fluid from it. The ball b therefore becomes 
positively, and we ball b' negatively, electrified by contact. 

Since the contrary electricities are mutually attractive, the balls b 
and b' in this case attract each other ; and, since like electricities are 
mutually repulsive, the glass rod repels the ball b, and the cloth 
repels the bsdl b'. 

1705. Electricity developed by various bodies, — A numerous class 
of bodies, when submitted to friction, produce eflects similar to those 
described in the case of glass and woollen cloth. 

If a stick of resin or sealing-wax be rubbed by a woollen cloth, 
like eflects will follow : but, in this case, the electricity of the wax 
or resin will be contrary to that of the glass, as may be rendered 
manifest by the pith balls. If b be electrified by contact with the 
^ass, and b' by contact with the resin or wax, they will attract each 
other, exactly- as they did when b' was electrified by contact with the 
doth rubbed upon the glass. 

It appears, therefore, that while glass is positively, resin is 
negatively, electrified by the friction of woollen cloth. ^ 

1706. Origin of the terms vitreous and resinous fluids. — It was 
this circumstance which gave the name of vitreous electricity to 
the positive, and besinous electricity to the negative fluid. 
This nomenclature is, however, faulty ] inasmuch as there are certain 
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substances by the friction of which glass will be negatively electrified, 
and others by which resin will be positively electrified. 

When a woollen cloth is rubbed on resin or wax which, as baa 
been stated, it electrifies negatively, it is itself electrified positively ; 
since the natural fluid being decomposed by the friction, and the 
negative element going to the resin, the positive element must be 
developed on the cloth. 

Thus it appears that the woollen cloth may be electrified by friction 
either positively or negatively, according as it is rubbed upon resin 
or upon glass. 

1707. No certain test to determine which of the bodies submitted 
to friction receives positive^ and which . negative^ electricity. — In 
general, when any two bodies are rubbed together, electricity is 
developed, one of them being charged with the positive, and the 
other with the negative, fluid. A great number of experimental 
researches have from time to time been undertaken, with a view to 
the discovery of the physical law which determines the distribution 
• of the constituent electric fluids in such cases between the two bodies, 
so that it might in all cases be certainly known which of the two 
would be positively, and which negatively, electrified. These inqui- 
ries, however, have hitherto been attended with no dear or certain 
general consequences. 

It has been observed, that hardness of structure is generally 
attended with a predisposition to receive positive electricity. Thus, 
the diamond, submitted to friction with other stones or with glass, 
becomes positively electrified. Sulphur, when rubbed with amber, 
becomes negatively electrified, the amber being consequently posi- 
tive; but if the amber be rubbed upon glass or diamond, it will be 
negative. 

It is also observed that when heat is developed by the friction of 
two bodies, that which takes most heat is negatively, and the other 
positively, eleptrified. 

In short, the decomposition of the electricity and its distribution 
between the rubbing bodies is governed by conditions infinitely 
various and complicated. 

An elevation of temperature will frequently predispose a body to 
take negative, which would otherwise take positive, electricity. An 
increase of polish of the surface produces a predisposition for the 
positive fluid. The colour, the molecular arrangement, the direction 
of the fibres in a textile substance, the direction in which the friction 
takes place, the greater or less pressure used in producing it, all afiect 
more or less in particular cases the interchange of the fiuids and the 
relative electricities of the bodies. Thus, a black silk ribbon rubbed 
on one of white silk takes negative electricity. If two pieces of the 
same ribbon be rubbed transversely, one being stationary and the 
other moved upon it, the former takes positive, the latter negative, 
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electricity, -ffipinus found that copper and sulphur rubbed together, 
and two similar plates of glass, evolved electricity, but that the inter- 
change of the fluids was not always the same. There are substances/ 
disihene, for example^ which, when submitted to friction, develops 
positive electricity at some parts, and negative at other parts of their 
surface, although their structure and the state of the surface be 

^perfectly uniform. 

1708. Classification of positive and negative substances, — Of all 
known substances, a cat's fur is the most susceptible of positive, and 

, probably sulphur of negative electricity. Between these extreme 
Bubstances others might be so arranged, that any substance in the list 
being rubbed upon any other, thafi which holds the higher plape will 
be positively, and that which holds the lower place negatively, elec- 
trified. lArious lists of this kind have been proposed, one of which 
Ib as follows >— 



1. Fur of a oat. 

2. Polished glass. 
8. Woollen cloth. 

4. Feathers. 

5. Wood. 



6. Paper. 

7. Silk. 

8. Gam lac. 

9. Rough glass. 



P&ff gives ^the following : — 



1. Far of a oat. 

2. Diamond. 

3. Far of a dog. 

4. Toarmaline. 

5. Glass. 

6. Wool. 

7. Paper. 



8. White silk. 
9.' Black silk. 

10. Sealing-wax. 

11. Colophon. 

12. Amber. 

13. Sulphur. 



Eitter proposes the following — 



1. Diamond. 

2. Zinc. 

3. Glass. 

4. Copper. 
6. WooL 



6. Silver. 

7. Black silk. 

8. Grey silk. 

9. Grey manganeseous earth. 
10.. Sulphur. 



1709. Method of prodiudng electricily hy glass and silk with 
amalgam, — Experience has proved that the most efficient means 
of developing electricity in great quantity and intensity is by the 
friction of glass upon a surface of silk or leather smeared with an 
amalgam composed of tin, zinc, and mercury, mixed with some unc- 
tuous matter. Two parts of tin, three of zinc, and four of mercury, 
answer very well. Let some fine chalk be sprinkled on the surface 
of a wooden cup, into which the ujercury should be poured hot. Let 
the zinc and tin melted together be then poured in, and the box be- 
ing closed and well shaken, the amalgam may be allowed to cool. It 
is then finely pulverized in a mortar, and being mixed with unctuous 
matter, may be applied to the rubber. 
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CHAP. n. 

CONDUCTION. 

1710. Oondticting power. — Bodies differ from each other in a 
striking manner in the freedom with which the electric fluid moves 
upon them. If the electric fluid be imparted to a certain portion of 
the surface of glass or waX; it will be confined strictly to that portion 
of the surface which originally receives it; by contact with the source 
of electricity; but if it be in like manner imparted to a portion of 
the surface of a metallic body, iff will instantaneously diffuse itself 
uniformly over the entire extent of such metallic surface^exactly as 
water would spread itself uniformly over a level surface on which it 
is poured. 

1711. Condv/itors and non-condtictors, — The former class of 
bodies, which do not give free motion to the electric fluid on their 
surface, are called non-conductors ; and the latter, on which unli- 
mited freedom of motion prevails, are called conductors. 

1712. Classification of conductors a/xording to the degrees of 
their conducting power, — Of all bodies the most perfect conductors 
are the metals. These bodies transmit electricity instantaneously, 
and without any sensible obstruction, provided their dimensions are 
not too small in relation to the quantity of electricity imparted to 
them. 

The bodies named in the following series possess the conducting 
power in different degrees in the order in which they stand, the most 
perfect conductor being first, and the most perfect non-conductor last 
in the list. The black line divides the most imperfect conductors 
from the most imperfect non-conductors, but it must be observed that 
the position of this line is arbitrary, the exact relative position of 
many of the 'bodies composing the series not being certainly ascer- 
tained. The series, however, will be useful as indicating generally 
the bodies which have the conducting and non-conducting property 
in a greater or less degree. 



All the metals. 
Well-burnt charcoal. 
Plumbago. 
Concentrated acids. 
Powdered charcoal. 
Dilute acids. 
Saline solutions. 
Metallic ores. 
Animal fluids. 
Sea-water. 
Spring-water. 
Rain-water. ^ 

Ice above 13^ Fahrenheit. 
Snow. 



Living vegetables. 

Living animals. 

Flame. 

Smoke. 

Steam. 

Salts soluble in water. 

Rarefied air. 

Vapour of alcohol. 

Vapour of ether. 

Moist earth and atonea. 

Powdered glass. 

Flowers of sulphur. 



Dry metallic oxides. 



CONDUCTION. 


Oils, the heaviest the best. 


Parchment 


Ashes of vegetable bodies. 


Dry paper. 


Ashes of aaimal bodies. 


Feathers. 


Many transparent crystals, dry. 


Hair. 


Ice below IS^* Fahrenheit 


Wool. 


Phosphoms. 


Dyed silk. 


Lime. 


Bleached silk. 


Dry chalk. 


Kaw silk. 


Native carbonate of baryta. 


Transparent gems. 


Lycopodium. 


Diamond. 


Gaoutchouo. 


Mica. 


Camphor. 


All vitrefactions. 


Some siliceous and argillaceous 


Glass. 


stones. 


Jet 


Dry marble. 


Wax. 


Porcelain. 


Salphar. 


Dry vegetable bodies. 


Resins. 


Balled wood. 


Amber. 


Dry gases and tar. 


6um-lac. 


Leather. 
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1713. Insulators, — Good non-conductors are also called insula- 
tors^ because when any body suspended by a non-conducting thread, 
or supported on a non-conducting pillar, is charged with electricity, 
such charge will be retained, since it cannot escape by the thread or 
pillar, which refuses a passage to it in virtue of its non-conducting 
quality. 

Thus, a globe of metal supported on a glass pillar or suspended 
by a silken cord, being charged with electricity, will retain the charge; 
whereas, if it were supported on a metallic pillar, or suspended by a 
metallic wire, the electricity would pass away by its free motion over 
the surface of the pillar or the wire. 

1714. Insulating stools. — Stools formed with glass legs are called 
INSULATING STOOLS, because any body charged with electricity and 
placed upon them will retain its electric charge. 

1716. Electrics and non-electrics obsolete terms, — Conducting 
bodies were formerly called non-electrics, and non-conducting 
bodies were called electrics, from the supposition that the latter 
were capable of being electrified by friction, but the former not 

The incapability of conductors to be electrified by friction was, 
however, afterwards, shown to be only apparent, and accordingly the 
use of these terms has been discontinued. ^ 

If a rod of metal be submitted to friction, the electricity evolved 
is first difiused over its entire surface in conseqacncc of its conduct- 
ing property, and thence it escapes by the hand of the operator which' 
holds it, and which, though not as perfect a conductor as the metal, 
is sufficiently so to carry off the electricity, so as to leave no sensible 
trace of it on the metal. ^ 

But if the metallic rod be suspended by a dry silken thread (which 
is a good non-conductor), or be supported on a pillar of glass, and 
then be struck several times with the fur of a cat, it will be found to 

n. 20 
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be negatively electrified, the fur which strikes it being positively 
electrified. 

1716. Two persons reciprocally charged with contrary electricity 
when placed on insulating stools. — In like manner, two persons 
standing on insulating stools, if one strike the other two or three 
times with the fur of a cat, he that strikes will have his body posi- 
tively, and he that is struck negatively, electrified, as may be ascer- 
tained by the method already explained, of presenting to them suc- 
cessively the pith ball B, Jig. 474., previously charged with positive 
electricity. It will be repelled by the body of him that strikes, and 
attracted by that of him who is struck. 

But if the same experiment be made without placing the two per- 
sons on insulating stools, the same effects will not ensue, because, 
although the electricities are developed as before by the action 9F the 
fur, it immediately escapes through the feet to the ground. 

1717. The atmosphere a non-conductor. — Atmospheric air must 
manifestly belong to the class of non-conductors, for if it gave a free 
passage to electricity, the electrical effects excited on the surface of 
any body surrounded with it would soon pass away ; and no electrical 
phenomena of a permanent nature could be produced, unless the 
bodies were removed from the contact of the air. It is found, how* 
ever, that resin and glass, when excited by friction, retain their elec- 
tricity for a considerable time. 

1718. Rarefied air a conductor. — Air, however, when rarefied, 
loses in a great degree its non-conducting property ; and an electri- 
fied body soon loses its electricity when placed in the exhausted 
receiver of an air-pump. 

The electric fluid may therefore be considered as forming a coating 
upon the surface of electrified bodies, and as being held upon them 
by the tension or pressure of the surrounding air. 

1719. Use of the silk string which suspends pith halls. — In the 
experiments described in (1697) et seq. with the pith balls, the 
silken string by which they are suspended acts as an insulator. The 
pith of elder being a conductor, the electric fluid is diffused over 
the, ball ; but the silk being a non-conductor, it cannot escape. 
If the ball were suspended by a metallic wire attached to a stand 
composed of'any conducting matter, the electricity would escape, and 
the effects described would not ensue. But if the metallic wire were 
attached to a glass rod or other non-conductor, the same effects would 
be produced. In that case the electricity would be diffused over the 
wire as well as over the ball. 

1720. Water a conductor. — Water, whetlier in the liquid or 
vaporous form, is a coDductor; 'though of an order greatly inferior to 
the metals. This fact is of great importance in electrical phenomena. 
The atmosphere contains suspended in it always more or less aqueous 
vapour, the presence of which impairs its non-conducting property 
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Hence, electrical experiments always succeed best in cold and dry 
weather. 

-Hence it appears why the most perfect non-conductors lose their 
Tirtne if their surface be moist, the electricity passing by the con- 
ducting power of the moisture. 

1721. Inmlators must he kept dry. — ^This circumstance also shows 
why it is necessary to dry previously the bodies on which it is de- 
sired to develope electricity by friction. 

It will be apparent from what has been explained, that it would 
be more correct to designate bodies as good and bad conductors in 
yarious degrees, than as conductors and non-conductors. There 
exists ho body which, strictly speaking, is either an absolute con- 
ductor or absolute non-conductor. 

1722. No certain test to distinguish conductors from nonrcondiu^ 
or$. — ^N6 relation has been discovered between the physical conditions 
which determine the conduction of light and heat, and those which 
determine the conduction of electricity. Electricity is transmitted^ 
not like light and heat, through the interior dimensions of bodies, 
but only on their surfaces. Glass, which is an almost perfect con- 
ductor of light, is a non-conductor of heat and electricity. Sealing- 
wax,' which is a non-conductor of electricity, is also a non-conductor 
of light and heat. . The metals, on the other hand, are conductors 
of heat and electricity, but are non-conductors of light. Water is a 
conductor of electricity and light, but a non-conductor of heat. 

1723. Conducting power variously affected by temperature. — The 
conducting power of bodies is aflPected in different ways by their 
temperature. In the metals it is diminished by elevation of temper- 
ature ; but in all other bodies, and especially in liquids, it is aug- 
mented. Some substances, which are non-conductors in the solid 
state, become conductors when fused. Sir H. Davy found that glass 
raised to a red heat became a conductor; and that sealing-wax, pitch, 
unber^ shell-lac, sulphur, and wax, became conductors when liquefied 
by heat. 

The manner in which electricity is communicated from one body 
to another depends on the conducting property of the body imparting 
and the body receiving it. 

1724. Effects produced hy touching an electrified body hy a con- 
ductor which is not insulated. — If the surface of a non-conducting 
body, glass, for example, be charged with electricity, and be touched 
over a certain space, as a square inch, by a conducting body which 
is not insulated, the electricity which is diffused on the surface of 
contact will pass away by the conductor, but no other part of the 
electricity with which the body is charged will escape. A patch of 
the surface corresponding with the magnitude of the conductor will 
alone be stripped of its electricity. 

The non-conducting property of the body will prevent the electri- 
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city wbioh is diffused over the reminder of its surfiuM from flowing 
into the space thus drained of the fluid by the conductor. 

But if the body thus charged with electricity^ and touched by a 
conductor not insulated, be a conductor, the effects produced will be 
very different. In that case, the electricity which covers the surface 
of contact will first pass off; but the moment the surface of contact 
is thus drained of the fluid which covered it, the fluid diflused on the 
surrounding surface will flow in and likewise pass off, and thus all 
the fluid diffused over the entire surface of the body will rush to the 
surface of contact and escape. These effects, though, strictly speak- 
ing, successive, will be practically instantaneous; the time which 
elapses between the escape of the fluid which originally covered the 
suiface of contact, and that which rushes from the most remote parts 
to the surface of contact, being inappreciable. 

1726. Effect prodttced when the touching conductor is insvIcUed. 
— K a conducting body which is insulated and charged with electri- 
city, be brought into contact with another conducting body, which 
is also insulated and in its natural state, the electricity will diffuse itself 
over the surfaces of both conductors in proportion to their relative 
magnitudes. 

If s express the superficial magnitude of an insulated conducting 
body, E the quantity of electricity with which it is charged, and s 
the superficial magnitude of the other insulated conductor with which 
it is brought into contact, the charge E will, after contact, be shared 
between the two conductors in the ratio of s to s' ; so that 

£ X = the charge retained by s. 

EX ;= the charge received by s'. 

1726. Whi/ the earth is caUed the convnum reservoir, — If the 
second conductor s' be the globe of the earth, s' will bear a propor- 
tion to s which, practically speaking, is infinite; and consequently 
the quantity of electricity remaining on s, expressed by 

s 

8-f S" 

will be nothing. Hence the body s loses its entire charge when put 
in conducting communication with the ground. 

An electrified body being a conductor, is therefore reduced to its 
natural state when put into electric communication with the ground, 
and the earth has been therefore called the common reservoir, to 
which all electricity has a tendency to escape, and to which it does 
in fact always escape, unless its passage is intercepted by non-con* 
ductors. 
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1727. jElectrtcit^ passes by preference on the best conductors. — If 
several different conductors be simultaneously placed in contact with 
an insulated electrified conductor so as to form a communication be- 
tween it and the ground, the electricity will always escape by the 
best conductor. Thus, if a metallic chain or wire be held in the 
hand, one end touching the ground and the other being brought 
into contact with the conductor, no part of the electricity will pass 
into the hand, the chain being a better conductor than the flesh of 
the hand. But if, while one end of the chain touch the conductor, 
the other be separated from the ground, then the electricity will 
pass into the hand, and will be rendered sensible by a convulsive 
shock. 



CHAP. m. 

INDUCTION. 

1728. Action of electricity at a distance, — ^If a body A charged 
with electricity ot either kind be brought into proximity with another 
body B in its natural state, the fluid with which A is surcharged will 
act by attraction and repulsion on the two constituents of the natural 
electricity of B, attracting that of the contrary, and repelling that of 
the same kind. This effect is precisely similar to that produced on 
the natural magnetic fluid in a piece of iron when the pole of a mag- 
net is presented to it. 

If the body b in this case be a non-conductor, the electric fluid 
having no free mobility on its surface, its decomposition will be re- 
sisted, and the body b will continue in its natural state notwithstand- 
ing the attraction and repulsion exercised by A on the constituents 
of its natural electricity. But if B be a conductor, the fluids having 
freedom of motion on its surface, the fluid similar to that with which 
B is charged will be repelled to the side most distant from B, and the 
contrary fluid will be attracted to the side next to B. Between these 
regions a neutral line will separate those parts of the body B over 
which the two opposite fluids are respectively diffused. 

1729. Indtiction defined. — This action of an electrified body ex- 
erted at a distance upon the electricity of another body is called 
INDUCTION, and is evidently analogous to that which produces similar 
phenomena in the magnetic bodies (1630). 

1730. Experimental exhibition of its effects. — To render it ex- 
perimentally manifest, let s and s'yfig. 476., be two metallic balls 

20* 
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supported on glass pillars ; and let A a' be a metallic cylinder rimi- 
larly mounted, whose length is ten or twelve times its (£ameter, and 
whose ends are rounded into hemispheres. Let s be strongly charged 




Fig. 476. 

with positive, and s' with negative electricity, the cylinder A A' being 
in its natural state. 

Let the balls 8 and s' be placed ticar the ends of the cylinder A 
a', their centres being in line with its axis, as represented in the 
figure. The positive electricity of 8 will now attract the negativei 
and repel the positive constituent of the natural electricity of A a', 
so as to separate them, drawing the negative fluid towards the en4 
A, and repelling the positive fluid towards the end a'. The negative 
electricity of s' will produce a like effect, repelling the negative elec- 
tricity of A a' towards A, and drawing the positive towards a\ 

Since the cylinder A a' is a conductor^ and therefore the fluids 
have freedom of motion on its surface, this decomposition will take 
effect, and the half o A of the cylinder next to s will be charged with 
ne^tive, and the half o a' next to s' with positive electricity. 

That such is in fact the condition of A a' may be proved by pre- 
senting a pith ball (1697) pendulum charged with positive electricity 
to cither half of the cylinder. When presented to o a' it will be 
repelled, and when presented to o A it will be attracted. 

If the two balls s s' be gradually removed to increased but equal 
distances from the ends A and a', the recomposition of the fluids 
will gradually take place ; and when the balls are altogether removed 
the cylinder A a' will recover its natural state, the fluids which had 
been separated by the action of the balls being completely recom- 
bined by their mutual attraction. 

Let a metallic ring n'yjig. 477., be supported on a rod or hook 
of glass w, and let two pith balls b V be suspended from it by fine 
wires, so that when hanging vertically they shall be in contact. Let 
a ball of metal r, strongly charged with positive electricity, be placed 
over the ring in! at a dbtance of eight or ten inches abov^ it. The 
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presence of this ball will immediately cause the pith balls to repel 
each other^ and they will diverge to increased distances the nearer 

the ball r is brought to the ring vl, 11 'the ball r 
be gradually raised to greater distances from the 
ring, the balls h h' will gradually approach each 
other, and will fall to their position of rest yerti- 
cally under the ring when the ball r is altogether 
removed. 

If the charge of electricity of the balls 8 and s'^ 

fig, 476, or of the ball r, fig, 477., be gradually 

diminished, the same effect will be produced as 

when the distance is gradually increased ; and, in 

like manner, the gradual increase of the charge of 

electricity will have the same effect as the gradual 

Fig. 477. diminution of the distance from the conductor on 

which the action takes place. 

If the ring n', the balls h h', and the connecting wire be first 

feebly charged with negative electricity, and then submitted to the 

inductive action of the ball r charged with positive electricity, placed, 

as before, above the ring, the following effects will ensue. When 

the ball r approaches the ring, the balls h V, which previously 

diverged, will gradually collapse until they come into contact. As 

the ball r is brought still nearer to n', they will again diverge, and 

will diverge more and more, the nearer the ball r is brought to the 

ring. 

These various effects are easily and simply explicable by the action 
of the electricity of the ball r on that of the ring. When it ap- 
proaches the ring, the positive electricity with which it is charged 
decomposes the natural electricities of the ring, repelling the positive 
fluid towards the balls. This fluid combining with the negative fluid 
with which the balls are charged, neutralizes it, and reduces them 
to their natural state : while this ed^ct is gradually produced, the 
balls h b' lose their divergence and collapse. But when the ball r 
is brought still nearer to the ring, a more abundant decomposition of 
the natural fluid is produced, and the positive fluid repelled towards 
the balls is more than enough to neutralize the negative fluid with 
which they are charged ; and the positive fluid prevailing, the balls 
again diverge with positive electricity. 

These effects are aided by the attraction exerted by the positive 
electricity of the ball r on the negative fluid with which the balls h 
h' are previously charged. 

If the electrified ball, instead of being placed above the ring, be 
placed at an equal distance below the balls h b', a series of effects 
will be produced in the contrary order, which the student will find 
no difficulty in analyzing and explaining. 

li the ball r be charged with negative electricity, it will produce 
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the same effecta when presented above the ring as when, being charged 
with positive electricity, it is presented below it. 

In all cases whatever, the conductor whose electrical state has been 
changed by the proximity of an electrified body returns to its primi- 
tive electrical condition when the disturbing action of such body is 
removed ; and this return is either instantaneous or gradual, accord- 
ing as the removal of the disturbing body is instantaneous or gradual. 

1731. Effects of sudden inductive action, — It appears, therefore, 
that sudden and violent changes in the electrical condition of a con- 
ducting body may take place, without either imparting to or abstract- 
ing from such body any portion of electricity. The electricity with 
which it is invested before the inductive action commences, and after 
such action ceases, is exactly the same ; nevertheless, the decompo- 
sition and recomposition of the constituent fluids, and their motion 
more or less sudden over it and through its dimensions, are productive 
often of mechanical effects of a very remarkable kind. This is espe- 
cially the case with imperfect conductors, which offer more or less 
resistance to the reunion of the fluids. 

1732. Example in the case of a frog, — ^Let a frog be suspended 
by a metallic wire which is connected with an insulated conductor, 
and let a metallic ball, strongly charged with positive electricity, be 
brought under without, however, touching it. The effects of induc- 
tion already described will ensue. The positive fluid will be repelled 
from the frog towards the insulated conductor, and the negative fluid 
will be attracted -towards it, so that the body of the frog will be 
negatively electrified ; but this taking place gradually as the electri- 
fied ball approaches, is attended with no sensible mechanical effect. 

If the electrified ball, however, be suddenly discharged, by con- 
necting it with the ground by a conductor, an instantaneous revulsion 
of the electric fluids will take place between the body of the frog 
and the insulated conductor, with which it is connected ; the positive 
fluid rushing from the conductor, and the negative fluid from the frog, 
to recombine in virtue of their mutual attraction. This sudden 
movement of the fluids will be attended by a convulsive motion of 
the limbs of the frog. 

1733. Inductive shock of the human body, — If a person stand 
close to a large cpnductor strongly charged with electricity, he will 
be sensible of a s(iock when this conductor is suddenly discharged. 
This shock is in like manner produced by the sudden recomposition 
of the fluids in the body of the patient, by the previous inductive 
action of the conductor. 

1734. Development of electricity hy induction. — A conductor 
may be charged with electricity by an electrified body, though the 
latter shall not lose any of its own electricity or impart any to the 
conductor so electrified. For this purpose, let the conductor to be 
electrified be supported on a glass pillar so as to insulate it, and let 
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it then be connected with the ground by a metallic chain or wire. 
If it be desired to charge it with positive electricity, let a body 
strongly charged with negative electricity be brought close to it with* 
out touching it. On the principles already explained, the negative 
electricity of the conductor will be repelled to the ground through 
the chain or wire ; and the positive electricity will, on the other 
hand, be attracted ^om the ground to the conductor. Let the chain 
or wire be then removed, and, afterwards, let the electrified body by 
whose inductive action the effect is produced be removed. The con* 
ductor will remain charged with positive electricity. 

It may in like manner be charged with negative electricity/ by the 
inductive action of a body charged with positive 'electricity. 



CHAP. IV. 

ELECTRICAL MACHINES. 

1735. Parts of eiectrtcal machines. — An electrical machine is an 
apparatus bv means of which electricity is developed and accumulated 
in a oonvement manner for the purposes of experiment. 

All electrical machines consist of three principal parts, the rubber, 
the body on whose surface the electric fluid is evolved, and one or 
more insulated conductors, to which this electricity is transferred 
and on which it is accumulated. 

The rubber is a cushion stuffed with hair, bearing on its surface 
aome snbstance, which by friction will evolve electricity. The body 
on which this friction is produced is glass, so shaped and mounted 
as to be easily and rapidly moved against the rubber with a continu- 
ous motion. This object is attained by giving the glass the form 
either of a cylinder revolving on its geometrical axis, or of a circular 
plate revolving in its own plane on its centre. 

The conductors are bodies having a metallic surface and a great 
variety of shapes, and always mounted on insulating pillars, or sus- 
pended by insulating cords. 

1736. The common cylindrical machine. — A hollow cylinder of 
glass A B, Jig. 478., is supported in bearings at c, and made to 
revolve by means of the wheels c and d connected by a band, a 
handle B being attached to the greater wheel. The cushion H, 
represented separately in Jig. 479., is mounted on a glass pillar, and 
pressed with a regulated force against the cylinder by means of 
springs fixed behind it. A chain k l, Jig. 478., connects the cushion 
with the ground. A flap of black silk equal in width to the cushion 
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covers ii, and is carried over the cylinder, terminating above the 
middle of the cylinder on the opposite side. 

The conductor is a cylinder of thin brass M N, the ends of which 
are parts of spheres greater than hemispheres. It is supported by a 

glass pillar o P. To the end of the conductor 
next the cylinder is attached a row of points 
represented separately in Jig, 480., which are 
presented close to the surface of the cylinder^ 
but without touching it. The extent of this 
Fig. 480. row of points corresponds with that of the 

rubber. 
As the efficient performance of the machine depends in a great 
degree on the good insulation of the several parts, and as glass is 
peculiarly liable to collect moisture on its surface which would impair 
its insulating virtue, it is usual to cover the insulating pillars of the 
rubber and conductor, and all that part of the cylinder which lies 
outside the cushion and silk flap, with a coating of resinous varnish, 
which, while its insulating property is more perfect than that of glass, 
ofiers less attraction to moisture. 

To explain the operation of the machine, let us suppose that the 
cylinder is made to revolve by the handle R. Positive electricity is 
developed upon the cylinder, and negative eleotrioify on the cushion. . 
The latter passes by the conducting chain to the ground. The 
former is carried round under the flap, on the surface of the glass, 
until it arrives at the points projecting from the conductor. There 
it acts by induction (1729) on the natural electricity of the conduc- 
tor, attracting the negative electricity to the points and repelling the 
positive fluid. The negative electricity issuing from the points 
combines with and neutralizes the positive fluid diffused on the 
cylinder, the surface of which, after it passes the points, is therefore 
restored to its natural state, so that when it arrives again at the 
cushion it is prepared to receive by friction a fresh charge of the 
positive fluid. 

It is apparent, therefore, that the effect produced by the operatioa 
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(€ ttiis mBohine is & oonlaDuous decompoution of tho ualbiul cloctri- 
dtf of the oooductors, and an abstractioa from it of just so mucli 
negatiTe fluid ta compensatea for that which escapes by tho cushion 
and ohun kl to the earth. The cooductor is thus as itweredniiDed 
of its negative electricity by a stream of that fluid, nhicb 'flowing 
eooatantlj from the pointe passes t« the cyHoder, and thence by the 
. cushion and chain to the earth. The conductor is therefore left sur- 
charged with positive electricity. 

1737. JVaime'« cylinder machine. — This apparatus, which is 
adapted to produce at pleasure either positive or negative electricity, 
is similar to the last, but has a second conductor HF,Jig. 481., in 
connection with the cushion. When it is desired to collect positive 
electricity, the conductor M F is put in connection with the ground, 
and the machine acts as that described above. When it is desired 
to collect ne^ljve electricity, the conductor m' s is put in connec- 
tion with the ground, and the conductor M F is insulated. In this 
Oase a stream of poutive electricity flows continually from M r 
Ihrongh the cushion to the cylinder, and thence by the conductor 
h' B to the ground, leaving the condactor m r charged with negative 
electricity. 




Fig. 481. 



i7SS. Common plate machine. — This apparatus consists of a cir- 
eolar plate of glass A B, fig. 482., mounted as represented in the 
figure. It is embraced between two pair of cushions at E and e', a 
corresponding width of tho glass being covered by a silk sheathing 
extending to y, where the points of the conductors are presented. 
The handle being turned in the direction of the arrow, and the 
Goehiong being connected by conducting chains with the ground, 
positive electricity is developed on the glass, and neutralized as in 
the cylinder machine, by the negative electricity received by induction 
from the conductors, which consist of a long narrow cylinder, bent 
iato a form to adapt it to the plate. It is represented at H n, a 
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branch M o being carried parallel to the plate and bent into the form 
M o F Q, so that the part p Q shall be presented close to the plate 
under the edge of the silk flap. A similar branch of the conductor 
extends on the other sidC; terminating just above the edge of the 
lower sUk flap. 

The principle of this machine is similar in all respects to that of 
the common cylinder machine. With the same weight and bulk; the 
extent of rubbing surface, and consequently the evolution of electri- 
city, is much greater than in the cylinder machines. 

1739. Armstrong's hydro-dectrical machine, — A new species of 
electric machine has resulted from the accidental observation of an 
electric shock produced by the contact of a jet of high pressure steam 
issuing from a boiler at Newcastle-on-Tyne in 1840. Mr. Armstrong 
of that place took up the inquiry, and succeeded in contriving a ma- 
chine for the production and accumulation of the electricity by the 
agency of steam. Professor Faraday investigated the theory of the 
apparatus, and showed that the origin of the electrical development 
was the friction of minute aqueous particles produced by the partial 
condensation of the steam against the surface of the jet from which 
the steam issued. 

The hydro-electric machine has since been constructed in various 
forms and dimensions. 

Let a cylindrical boiler a, Jig. 483., whose length is about twice 
its diameter, be mounted on glass legs t;, so as to be in a state of 
insulation. 

/ is the furnace door, the furnace being a tube within the boiler. 

s is the safety-valve. 

A is the water-gauge, a glass tube indicating the level of the water 
in the boiler. 

r a regulating valve, by which the escape of steam from the boiler 
may be controlled. 

t a tube into which the steam rushes as it escapes from r. 

e three or more jet pipes, through which the steam passes from ty 
and from the extremities of which it issues in a series of parallel 
jets. 

d a condensing box, the lower half of which contains water at the 
common temperature. 

g the chimney. 

g an escape pipe for the vapour generated in the condensing 
box d. 

h the conductor which takes from the steam the electricity which 
issues with it from the jet pipes e. 

k the knob of the conductor from which the electricity may be 
received and collected for the purpose of experiment. 

The jet pipes e traverse the middle of the condensing box d, above 
the surface of the water contained in it. Meshes of cotton thread 
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Fig. 488. 

Burround these tubes within the box, the ends of which are immersed 
in the water. The water is drawn up by the capillary action of these 
threads, so as to surround the tubes with a moist coating, which by 
its low temperature produces a slight condensation of the steam as it 
passes through that part of the tube. 

The fine aqueous particles thus produced within the tube are 
carried forward with the steam, and on issuing through the jet pipe 
rub against its sides. This friction decomposes the natural electricity, 
the negative fluid remaining on the jet, and the positive being 
carried out with the particles of water, and imparted by them to the 
conductor h. 

It will be apparent that in this arrangement the interior surface 
of the jet plays the part of the rubber of the ordinary machine, and 
the particles of water that of the glass . cylinder or plate, the steam 
being the moving power which maintains the friction. 

In order to ensure the efificiency of the fric- 
tion, the conduit provided for the escape of the 
steam is not straight but angular. 

A section of the jet pipe near its extremity is 

represented in Jig, 483 a. The steam issuing 

from the box b encounters a plate '^f metal m 

which intercepts its direct passage to the mouth 

n. 21 




Fig. 483 a. 
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of the jet. It is compelled to turn downwards, pass under the edge 
of this plate, and, rising behind it, turn again into the escape pipe, 
which is a tube formed of partidge wood enclosed within the metal 
pipe n. 

It is found that an apparatus thus constructed, the length of the 
boiler being 32 inches and its diameter 16 inches, will develope as 
much electricity in a given time as three common plate machines, 
whose plates have a diameter of 40 inches, and are worked at the 
rate of 60 revolutions per minute. 

A machine on this principle, and on a great scale of magnitude, 
was erected by the Boyal Polytechnic Institution of London, the 
boiler of which was 78 inches long, and 42 inches diameter. The 
maximum pressure of the steam at the commencement of the opera- 
tion was sometimes 90 lbs. per sq. inch. This, however, fell to 40 
lbs. or less. Sparks have been obtained from the conductor at the 
distance of 22 inches. 

1740. Appendages to electrical machines, — To facilitate the per- 
formance of experiments, various accessories are usually provided 
with these machines. 

1741. Insulating stools. — Insulating stools, constructed of strong, 
hard wood, well baked and dried, and supported on legs of glass 
coated with resinous varnish, are useful when it is required to keep 
for any time any conducting body charged with electricity. The 
body is placed on one of these stools while it is being electrified. 

Thus, two persons standing on two such stools, may be charged, 
one with positive, and the other with negative, electricity. If, when 
so charged, they touch each other, the contrary electricities will 
combine, and they will sustain a nervous shock proportionate to the 
quantity of electricity with which they were charged. 

1742. Discharging rods. — Since it is frequently necessary to 
observe the effects of points and spheres, pieces sucb as figs, 484, 
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485| are provided, to be inserted in holes in the conductors; also 
metallic balls, jig%, 486, 487., attached to glass handles for cases in 
which it is desired to apply a conductor to an electrified body with- 
out allowing the electricity to pass to the hand of the operator. With 
these rods the electricity may be taken from a conductor gradually 
by small portions, the ball taking by each contact only such a fraction 
of the whole charge as corresponds to the ratio of the surface of the 
ball to the surface of the conductor. 

1743. Jointed dischargers, — To establish a temporary connection 
between two conductors, or between a conductor and the ground, the 
jointed dischargers, figs, 488, 489., are useful. The distance between 
the balls can be regulated at pleasure by means of the joint or hinge 
by which the'rods are united. 

1744. Universal discharger, — The universal discharger, an in- 
strument of considerable convenience and utility in experimental 
researches, is represented in fig, 490. It consists of a wooden table 
to which two glass pillars A and a' are attached. At the summit of 
these pillars are fixed two brass joints capable of revolving in a hori- 
sontal plane. To these joints are attached brass rods c c', terminated 
by balls d ]/, and having glass handles £ £'. These rods play on 
joints at b b', by which they can be moved in vertical planes. 




Pig. 490. 

The balls D d' are applied to a wooden table sustained on a pillar 
capable of having its height adjusted by a screw t. On the table is 
inlaid a long narrow strip of ivory extending in the direction of the 
balls D d'. These balls D d' can be unscrewed, and one or both may 
be replaced by forceps, by which may be held any substance through 
which it is desired to transmit the electric charge. One of the brass 
rods C is connected by chain or a wire with the source of electricity, 
and the other with the ground. 

The electricity is transmitted by bringing the balls D d' with the 
substance to be operated on between them, within such a distance of 
each other as will cause the charge to pass from one to the other 
through the introduced substance. 
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CHAP. V. 

CONDENSER AND ELECTROPHORUS. 

1745. Reciprocal inductive effects of two conductors, — If a con- 
dactor A communicating with the ground be placed near another 
conductor B insulated and charged with a certain quantity of electri- 
city E, a series of effects will ensue by the reciprocal inductive power 
of the two conductors, the result of which will be that the quantity 
of electricity with which B is charged will be augmented in a certain 
proportion, depending on the distance between the two conductors 
through which the inductive force acts. The less this distance is the 
more energetic the induction will be, and the greater the augmentation 
of the charge of the conductor B. 

To explain this, we are to consider that the electricity E, acting- on 
the natural electricity of A, repels a certain quantity of the fluid of 
the same name to the earth, retaining on the side of A next to B the 
fluid of the coi^trary name. This fluid of a contrary name thus de- 
veloped in A reacts upon the natural electricity of B, and produces a 
decomposition in the same manner, augmenting the charge E by the 
.fluid of the same name decomposed, and expelling the other fluid to 
the more remote side of B. This increased fluid in B again acts upon 
the natural electricity of A, producing a further decomposition ; and 
this series of reciprocal inductive actions producing a succession of 
decompositions in the two conductors, and accumulating a tide of 
contrary electricities on the sides of the conductors which are pre- 
sented towards/ each other, goes on through an indefinite series of 
reciprocal actions, which, nevertheless, are accomplished in an inap- 
preciable interval of time ; so that, although the phenomenon in a 
stxict sense is physicaUy progressive, it is practically instantaneous. 

To obtain an arithmetical measure of the amount of the augmen- 
tation of the electrical charge produced in this way, let us suppose 
that a quantity of electricity on B, which we shall take as the unit, 
is capable of decomposing on A a quantity which we shall express by 
m, and which is necessarily less than the unit, because nothing short 
of actual contact would enable the electricity of B to decompose an 
equal quantity of the electricity of A. 

If, then, the unit of positive electricity act from B upon A,, it will 
decompose the natural electricity, expelling a quantity of the positive 
fluid expressed by m, and retaining on the side next to B an equal 
quantity of the negative fluid. Now, this negative fluid m acting 
on the natural electricity of B at the same distance will produce a pro- 
per tioD ate decomposition, and will develope on the side of S next to 
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A an additional quantity of the positive fluid, just so much less than 
m as m is less than 1. This quantity will therefore be m X m^ 
or m*. 

This quantity m^ of positive fluid again acting by induction on A, 
will develope, as before, a quantity of negative fluid expressed by 
m*X m, or m*. And in the same manner this will develope on B an 
addditioual quantity of positive fluid expressed by m^ X m, or m*. 
These inductive reactions being indefinitely repeated, let the total 
quantity of positive electricity developed on B be expressed by P, 
and the total quantity of negative electricity developed on A by N, 
we shall have 

p=l + m*+w<*+m*+ &c. ad inf. 

N=m+m'+m^+m^-f &c. adinf. 

Each of these is a geometrical series ; and, since m is less than 1, 
they are decreasing series. Now^ it is proved in arithmetic^ that 
although the number of terms in such series be unlimited, their sum 
k finite^ and that the sum of the unlimited number of terms compos* 

inff the first series is :; =- and that of the second = -.. We 

1 — m , 1 — m 

Gthall therefore have 

1 m 

N = . 



In this case we have supposed the original charge of the conductor 
B to be the unit. If it consist of the number of units expressed by 
X, we shall have 

_ E _^mXE 

"" 1 — m', ~~ 1 — m*' 

It follows^ therefore, that the original charge E of the conductor 
B has been augmented in the ratio of 1 to 1— m^ by the proximity 
of the conductor a. 

The less is the distance between the conductors A and b, the more 
nearly m will be equal to 1, and therefore the greater will be the 
ntio of 1 to 1— m', and consequently the 'greater will be the aug- 
mentation of the electrical charge of b produced by the presence 

of A. ' 

For example, suppose that A be brought so near b, that the posi- 
tive fluid on b will develope nine-tenths of its own quantity of nega- 
tive fluid on A. In that case m=-j?^ = 0-9. Hence it appears, that 
1— «»*= 1—0-81 =0- 19; and, consequently, the charge of B will be 
aumented in the ratio of 0-19 to 1, or of 19 to 100. 

' l746. Principle of the condenser, — In such cases the electricity 
10 8ud to be CONDENSED on the conductor b by the inductive action 

21* 
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of the oonductor a, and apparatus constructed for producing thifl 
effect are called condensers. 

1747. Dissimulated or latent electricity. — The electricity deve- 
loped in such cases on the conductor A is subject to the anomalous 
condition of being incapable of passing away, though a conductor be 
applied to it. In fact, the conductor A in the preceding experiment 
is supposed to be connected with the earth by conducting matter, 
such as a chain, metallic column, or wire. Yet the charge of elec- 
tricity N does not pass to the earth as it would immediately do if the 
conductor b were removed. 

In like manner, all that portion of the positive fluid P which is 
developed on b by the inductive action of A, is held there by the in- 
fluence' of A, and cannot escape even if the conductors be applied in 
contact with it. 

Electricity thus developed upon conductors and retained there by 
the inductive action of other conductors, is said to be latent or c^u- 
simulated. It can always be set/ree by the removal of the conduc- 
tors by whose induction it is dissimulated. 

1748. Free electricity. — Electricity, therefore, which is developed 
independently of induction, or which, being first developed by induc- 
tion, is afterwards liberated from the inductive action, is distinguished 
asyVce electricity. 

In the process above described, that part of the charge P of the 
conductor B which is expressed by E, and which was imparted to B 
before the approach of the conductor A, is free, and continues to be 
free after the approach of e. If a conductor connected with the earth 
be brought into contact with b, this electricity e will escape by it; 
but all the remaining charge of B will remain, so long as the con- 
ductor A is maintained in its position. 

If, however, E be discharged from b, the charge which remains 
will not be capable of retaining in the dissimulated state so great a 
quantity of negative fluid on A as before. A part will be accord- 
ingly set free, and if A be maintained in connection with jbhe ground 
it will escape. If A be insulated, it will be charged with it still, but 
in a free state. 

If this free electricity be discharged from A, the remaining charge 
will not be capable of retaining in the latent state so large a quantity 
of positive fluid on B as previously, and a part of what was dissimu- 
lated will accordingly be set free, and may be discharged. 

In this manner, by alternate discharges from the one and the other 
conductor, the dissimulated charges may be gradually liberated and 
dismissed, without removing the conductors from one another or sus- 
pending their inductjye action. 

1749 Forms of condensers. — Condensers are constructed in 
various forms, according to the strength of the electric charges 
they are intended to receive. Those wbipl^i are designed for strong 
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charges require to have the two conductors separated by the non- 
condnctiDg medium of some cousiderable thickness, since, otherwise, 
the attraction of the opposite fluids diffused on A and b would take 
effect ; and thej would rush to each other across the separating space, 
breaking their way through the insulating medium which divides 
ihem. In this case, the distance between A and B being consider- 
able^ the condensing power will not be great, nor is it necessary to 
be 80, since the charges of electricity are by the supposition not 
small or feeble. 

In case of feeble charges, the space separating the conductors may 
be proportionally small, and, consequently, the condensing power will 
be greater. 

Condensers are usually constructed with two equal circular plates, 
either of solid metal or having a metallic coating. 

1750. Collecting and condensing plates. — The plate correspond- 
ing to the conductor a in the preceding paragraphs is called the 
coNDENSiNa PiiATE, and that which corresponds to B the collect- 
INa PLATE. The collecting plate is put in communication with the 
body whose electrical state it is required to examine by the agency 
of the condense]*, and the condensing plate is put in communication 

with the ground. 

1751. Cuthbertson's condenser, — A form of 
^^ condenser contrived by Cuthbertson is repre- 
,;/' sented in Jig. 491. The collecting plate B is 
supported on a glass pillar, and communicates 
by a chain attached to the hook D with the source 
of electricity upder examination. The condens- 
ing plate A is supported on a brass pillar, movable 
on a hinge, and communicating with the ground. 
By means of the hinge the disk A may be moved 
Fig. 491. to or from B. The space between the plates in 

this case may be merely air, or, if strong charges 
are used, a plate of glass may be interposed. 

When used for feeble charges, it is usual 
to cover the condensing plate with a thin 
coating of varnished silk, or simply with a 
^ coating of resinous varnish. An instrument 
^ thus arranged is represented in Jig. 492., 
where b 6', the condensing plate, is a disk 
of wood coated with varnished silk t f. The 
Fig. 492. collecting plate c d has a glass handle m, by 

which it may be raised, and a rod of metal 
a 6 by which it may be put in" communication with the source of 
electricity under examination. 

■ The condensing plate in this case has generally sufficient conduct- 
ing power when formed of wood, but may be abo n^ade of metal, and. 
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instead of varnished silk, it may be coated with gum-lac, resin, or 
any other insulator. 

When the plate c d has received its accumulated charge, its con- 
nection with the source of electricity is broken by removing the rod 
ah ; and the plate c d being raised from the condensing plate, the 
entire charge upon it becomes free, and may be submitted to any 
electroscopic test. 

1762. The electrophorus, — A small charge of free electricity may 
by the agency of induction be made to produce a charge of indefinite 
amount, which may be imparted to any insulated conductor. This / 
is effected by the electropTiorus, an instrument consisting of a circular 

cake, composed of a mixture of shell-lac, resin, 
and Venice turpenljne, cast in a tin mould 
A B, Jig. 493. Upon this is laid a circular 
metallic disk o, rather less in diameter than 
A B, having a glass handle. 

Before applying the disk 0, the resinous 
=^ B surface is electrified negatively by striking it 
several times with the fur of a cat. The disk 
Fig. 493. c being then applied to the cake A B, and the 

finger being at the same time pressed upon the 
disk c to establish a communication with the ground through the 
body of the operator, a decompositionjtakes place by the inductive 
action of the negative fluid on the resin. The negative fiuid escapes 
from the disk o through the body of the operator to the ground, and 
a positive charge remains, which is prevented from passing to the 
resin partly by the thin film of air which will always remain between 
them even when the plate c rests upon the resin, and partly by the 
non-conducting virtue of the resin. 

When the disk o is thus charged with positive electricity kept 
latent on it by the influence of the negative fluid on A B, the finger 
being previously removed from the disk c, let it be raised from the 
resin and the electricity upon it, before dissimulated, will become 
free, and may be imparted to any insulated conductor adapted to 
receive it. 

The charge of negative electricity remaining undiminished on the 
resin A b, the operation may be indefinitely repeated ; so that an in- 
sulated conductor may then be charged to any extent, by giving to 
it the electric fiuid drop by drop thus evolved on the disk c by the 
inductive action of A b. 

This is the origin of the name of the apparatus. 
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CHAP. VI. 

ELECTROSCOPES. 

1753. General principle qfelectrosccpes. — Electroscopes in general 
consist of two light conducting bodies freely suspended, which hang 
yerticallj and in contact, in their natural state. When electricity is 
imparted to them they repel each other, the angle of their divergence 
being greater or less according to the intensity of the electricity 
diffused on them. These electroscopic substances may be charged 
with electricity either by direct communication with the electrified 
body, in which case their electricity will be similar to that of the 
body ; or they may be acted upon inductively by the body under ex- 
amination, in which case their electricity may be either similar or 
different from that of the body, according to the position in which 
the body is presented to them. In some cases, the electroscope con- 
sists of a single light conductor to which electricity of a known 
species is first imparted, and which will be attracted or repelled by 
the body under examination when presented to it, according as the 
electricities are like or unlike. 

These instruments vary infinitely, in form, arrangement, mode of 
application, and sensitiveness, according to the circumstances under 
which they are placed, and the intensities of the electricities of which 
they are expected to detect the presence, measure the intensity, or 
indicate the quality. In electroscopes, as in all other instruments 
of physical inquiry, the most delicate and sensitive is only the most 
advantageous in those cases in which much delicacy and precision 
are required. A razor would be an ineffectual instrument for felling 
timber. 

1754. Pith haU electroscope. — One of the most simple and gener- 
ally useful electroscopic instruments is the pendulous pith ball already 
mentioned (1697), the action of which may now be more fiilly ex- 
plained. When an electrified body i» presented to such a ball sus- 
pended by a silken thread, it acts by induction upon it, decomposing 
its natural fluid, attracting the constituent of the contrary name to 
the side of the ball nearest to it, and repelling the fluid of the same 
name to the side most remote from it. The body will thus act at 
once by attraction and repulsion upon the two fluids ; but since that 
of a contrary name which it attracts is nearer to it than that of the 
same name which it repels, and equal in quantity, the attraction will 
prevail over the repulsion, and the ball will move towards the elec- 
trified body. When it touches it, the fluid of a contrary name, wnich 



250 



ELECTRICITY. 



B 



t 



is diflEused round the point of contact, combining with the fluid 
diffused upon the body, will be neutralized, and the ball will remain 
charged with the fluid of the same name as that with which the body 
is electrified, and will consequently be repelled by it. Hence it will 
be understood why, as already mentioned, the pith ball in its neutral 
state is first attracted to an electrified body, and after contact with it 
repelled by it. 

1756. The needle electroscope. — The electric needle is an electro- 
scopic apparatus, somewhat less simple, but more sensitive than the 

pendulum. It consists of a rod of copper ter- 
a^ minated by two metallic balls B and b', fig. 
B' 494, which are formed hollow in order to ren- 
der them more light and sensitive. At the 
middle point of the rod which connects them 
is a conical cup, formed of steel or agate, sus- 
pended upon a fine point, so that the needle is 
exactly balanced, and capable of turning freely 
Fig. 494. round the poiit of support in a horizontd 

plane, like a magnetic needle. A very feeble 
electrical action exerted upon either of the balls B or b' will be suffi- 
cient to put the needle in motion. 

1756. CoulomVs electroscope, — The electroscope of Coulomb, bet- 
ter known as the balance of torsion, is an apparatus still more sensi- 
tive and delicate for indicating the existence and intensity of electrical 
fofce. A needle g ^, fig, 495., formed of gum-lac, is suspended by 
a fibre of raw silk /. At one extremity it carries a small disk e, 
coated with metallic foil, and is so balanced at the point of suspen* 

sion, that the needle resting horizontally is free 
to turn in either direction round the point of 
suspension. When it turns, it produces a degree 
of torsion or twist of the fibre which suspends 
it, the reaction of which measures the force which 
turns the needle. The thread is fixed at the top 
to a small windlass t, by which the needle can be 
raised or lowered, and the whole is included in a 
glass cage, to preserve the apparatus from the 
disturbance of the air. Upon this glass cage, 
which is cylindrical, is a graduated circle d d\ 
which measures the angle through which the 
needle is deflected. In the cover of the cage an 
aperture o is made, through which may be intro- 
duced the electrified body whose force it is desired 
(0 indicate and measure by the apparatus. 

1757. Quadrant electrometer, — This instrument, which is gener- 
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Fig. 496. 



ally used as an indicator on the conductors of electrical 
machines consists of a pillar A B, jig, 496., of any 
conducting substance, tcrminat'Cd at the lower extremity 
by a ball b. A rod, also a conductor, of about half 
the length, terminated by a small pith ball D, plays 
on a centre c in a vertical plane, having behind it an 
ivory semicircle graduated. When the ball B is 
charged with electricity, it repels the pith ball D, and 
the angle of repulsion measured on the graduated arc 
supplies a rough estimate of the intensity of the 
electricity. 

1758. Gold leaf electroscope, — A glass cylinder 
A B c D, fig, 497., is connected to a brass stand e, and 

closed at the top by a circular plate A B. The brass top G is con- 
nected by a metallic rod with two slips of gold leaf f^ 
two or three inches in length, and half an inch in breadth. 
In their natural state they hang in contact, but when 
electricity is imparted to the plate G, the leaves becom- 
ing charged with it indicate its presence, and in some 
B degree its intensity, by their divergence. On the sides of 
the glass cylinder opposite the gold leaves are attached 
strips of tinfoil, communicating with the ground. When 
the leaves diverge so much as to touch the sides of the 
cylinder, they give up their electricity to the tinfoil, and 
are discharged. This instrument may also be affected 
inductively. If the electrified body be brought near to 
the plate G, its natural electricity will be decomposed ; 
the fluid of the same name ^s that with which the body is 
charged will be repelled, will accumulate in the gold 

leaves, and will cause them to diverge. 

1759. Condensing electroscope, — The condenser 
applied to the electroscope supplies an instrument 
which has the same analogy to the common electro- 
scope as the compound has to the simple micro- 
scope. An electroscope with such an appendage is 
represented in fi^g. 498. The condenser is screwed 
on the top, the condensing plate communicating with 
the electroscope, and. the collecting plate being laid 
over it. When the collecting plate is put into com- 
munication with the source of electricity to be 
examined, a charge is produced by induction in the 
condensing plate under it, and a charge of a contrary 
name is collected in the electroscope, the leaves of 

which will diverge in this case with an electricity similar in name to 
that of the body under examination. 




Fig. 497. 




Fig. 498. 
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In the iise of instruments of such extreme sensitiveness, many 
precautions are necessary to guard against disturhanoes, which would 
interfere with their indications, and expose the observer to errors. 
The platea of the condenser in some experiments may be exposed to 
chemical action, which, as will hereafter appear, is always combined 
with the development of electricity. In such cases, the condenser 
of the electroscope should be composed of gilt plates. The appa- 
ratus is sometimes included in a glass case, to protect it from atmo- 
spheric vicissitudes ; and to preserve it firom hygrometric effects, a 
cup of quicklime is placed in the case to absorb the humidity. The 
plates of the condenser attached to electroscopes vary from four to 
ten inches in diameter. When greater dimensions are given to them, 
it is difficult to make them with such precision as to ensure the exact 
contact of their surfaces. 

Becquerel used plates of glass twenty inches in diameter, accu- 
rately ground together with emery, and coated with thin tinfoil. This 
apparatus had great sensibility, but as the metal was very oxidable, 
the results were disturbed by chemical effects not easily avoided. A 
coating of platinum or ^Id would have been more free from disturb- 
ing action. 



CHAP. VII. 

THE liEYDEN JAB. 

The inductive principle which has supplied the means in the case 
of the condenser of detecting and examining quantities of electricity 
so minute and so feeble as to escape all common tests, has placed, in 
the Leyden jar, an instrument at the disposal of the electrician by 
which artificial electricity may be accumulated in quantities so unlim- 
ited ^ to enable him to copy in some of its most conspicuous effects 
the lightning of the clouds. * 

To understand the principle of the Leyden jar, which at one time 
excited the astonishment of all Europe; it is only necessary to inves- 
tigate the effect of a condenser of considerable magnitude placed in 
connection, not with feeble, but with energetic sources of electricity, 
such as the prime conductor of an electrical machine. In such case 
it would be evidently necessary that the collecting and condensing 
plates should be separated by a non-conducting medium of sufficient 
resistance to prevent the union of the powerful charges with which 
they would be invested. 
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Let A B, fig, 499., represent the 
collcctiDg pjate of such a condenser, 
connected hy a chain K with the con- 
ductor E of an electric machine ; and 
let a' b' be the condensing plate con- 
nected by a chain k' with the ground. 
Let c D be a plate of glass interposed 
between a' b' and a b. 

Let e express the quantity of elec- 
tricity with which a superficial unit of 
the conductor E is charged. It follows 
that e will also express the free elec- 
tricity on every superficial unit of the 
collecting plate A B \ and if the total 
charge on each superficial unit of A B, 

free and dissimulated, be expressed by a, i^e shall, according to what 

has been already explained, have 




Fig. 499. 



a: 



1-m*- 



The charge on the superficial unit of the condensing plate a' b' 

being expressed by a', we shall have 

, mxe 

a =m X a=i 2» 

1— m* 

which will be wholly dissimulated. 

K 8 express the common magnitude of the two plates A' b' and 

A B, and E express the entire quantity of electricity accumulated on 

A B, and e' that accumulated on a' b', we shall have 

E=sxa= 



E'=sxa'= 



SXmXe 



It is evident, therefore, that the quantity of electricity with which 
the plates A b and a,' b' will be charged, will be augmented, firstly, 
with the magnitude (s) of the plates ; secondly, with the intensity 
(c) of the dectrioity produced by the machine upon the condnctor E ; 
and thirdly, with the thinness of the glass plate c D which separates 
the plates A' b' and A b. The thinner this plate is, the more nearly 
equal to 1 will be the number m, and consequently the less will be 
1—m*, and the greater the quantity E. 

When the machine has been worked until e ceases to increase, the 
char^ of the plates will have attained its maximum. Let the chains 
K and k' be then removed, so that the plates A b and a' b' shall be 
insulated, being charged with the quantities of electricity of contrary 
naiDQi express^ by e and e'. 

n. 22 



264 ELECTRICITY. 

If a metallic wire w, or any other conductor, be now placed so as 
to connect the plate A B with the plate a' b', the free electricity on 
the former passing along the conductor w will flow to the plate a' b', 
where it will combine with or neutralize a part of the dissimulated 
fluid. This last being thus diminished in quantity^ will retain by its 
attraction a less quantity of the fluid on A B, a corresponding quan- 
tity of which will be liberated^ and will therefore pass along the con- 
ductor W to the plate a' b', where it will neutralize another portion 
of the dissimulated fluid ; and this process of reciprocal neutralization^ 
liberation, and conduction will go on until the entire charge e' upon 
the plate a' b' has been neutralized by a corresponding part of the 
fluid E originally diffused on the plate A B. 

Although these effects are strictly progressive, they are practically 
instantaneous. The current of free electricity flows through the 
conductor w, neutralizes the charge e', and liberates all the dissimu- 
lated part of E in an interval so small as to be quite inappreciable. 
In whatever point of view the power of conduction may be regarded, 
a sudden and violent change in the electrical condition o^ the con- 
ductor W must attend the phenomenon. If the conductor w be 
regarded merely as a channel of communication, a sort of pipe or 
conduit through which the electric fluid passes from A B to A' b', as 
some consider it, so large an afflux of electricity may be expected 
to be attended with some violent effects. If, on the other hand, the 
opposite fluids are reduced to their natural state, by decomposing 
successively the natural electricity of the parts of the conductor w, 
and taking from the elements of the decomposed fluid the elec- 
tricities necessary to satisfy their respective attractions, a still more 
powerful effect may be anticipated from so great and sudden a 
change. 

Such phenomena are accordingly found to be attended with some 
of the most remarkable effects presented in the whole domain of 
physical research. If the charge E be sufficiently strong, and the 
intermediate conductor w be thin metallic wire, it will be instantly 
rendered incandescent, and may even be fused. If the human body 
be made the conducting medium, however inconsiderable the charge 
may be, an effect is produced on the nerves which is to most persons 
extremely disagreeable, and if the charge be considerable, it may 
even have the effect of destroying animal life. 

In order to divest these principles of whatever is adventitious, and 
to bring their general character more clearly into view, we have hero 
presented them in a form somewhat different from that in which they 
are commonly exhibited in electrical experiments. The phenomenon 
which has just been explained, consisting merely in the communica- 
tion of powerful charges of electricity of contrary kinds, on the oppo- 
site faces of glass or other ncju-ccmductor, by means of metal main- 
tained in contact with the glass, it is evident that the form of the 
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glass and of the metal in cootaot mth it have no inflaenoe on the 

effects. Ifeither has the thickneaa or Tolume of the metal any rela- 
tion to the results. Thaa the glass, irhoso oppoeite &oes are ohaiged, 
may have the fomi of a hollow cylinder or sphere, or of a oommoQ 
flask or battle, and the metal in contact with it need not bo masdve 
or Bolid plates, bnt merelj a coating of metallic foil. 

1760. The Leaden Jar, — In experimental researches, therefore, 

O D the form which b cdmmonlj given to the glass, with a 

I view to deTclope the above effects, is that of a cylinder 

^^. — or jar, A B, ^. 500., having a wide mouth and a flat 

.A^!^ L.I|^ bottom. The shaded part terminating at c is a coating 

JK^ ^H '^ ^^°^ placed on the bottom and Bides of the jar, a 

RnnB^I similar coating being attached to the corresponding puis 

|U|H^Hof the interior surface. To improve the insulating 

U|U^| power of the glass it ia coated above the edge of the 

|H|I|^| tinfoil with a varnish of gum-lac, which also renders it 

DH||||H^Rmore proof against the deposition of moisture. A me- 

^'illllll^P tallio tod, terminated in a ball D, descends into the jar, 

Fig. SOO. and ia jointed in contact with the inner coating. 

This apparatus is generally known by the name of the 
Leyden phial, the experiments produced with it having been first 
exhibited at the city of Leyden, in Holland. 

To understand the action of this apparatus it is only necessary to 
consider the inner coating and the metallic rod as representing the 
metallic surface A B, Jig. 499., and the outer surface a' b', the jar 
itself playing the part of the intervening non-conducting mediam. 
If the b^ D be put in cominuDication by a metallic chain with the 
conductor of the electric machine, and the external coating c b with 
the ground, the jar will become charged with electricity, in the Bama 
manner and on the same principles exactly as has been explained in 
the case of the metallic sartacea a' b' and A s,Jig. 499. 

If, when a charge of electricity is thus communicated to the jar, 
the communication between D and the conductor be removed, the 
charge will remain accumulated on the inner coating of the jar. If 
in this case a metallic commuuication be made between the boll d 
and the outer coating, the two opposite electricities on the inside and 
outside of the jar will rush towards each other and will suddenly 
combine. In this case there is no essential distinction between the 
fanctions of the outer and inner coating of the jar, as may be shown 
by connecting the inner coating with the ground and the outer coat- 
ing with the conductor. For this purpose, it is only necessary to 
place the jar upon an insulating stool, surrounding it by a metallic 
chain in contact with its outer coating, which should be carried to the 
eondnctor of the machine; while the ball o, which communicates 
with the inner coating, is connected by another cbiun to the ground. 
In tliiB case the electricity will flow from the conductor to the outer 
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ooating, and will be accumulated there by the inductive action of the 
inner coatiiag, and all the effects will take place as before. 

If^ after l£e jar is thus charged, the communication between the 
outer coating and the conductor be removed, and a metallic commu- 
nication be made between the inner and outer coating, the electrici- 
ties will, as before, rush towards each other and combine, and the 
jar will be restored to its natural state. 

To charge the jar internally, it will be sufficient to hold it with 
the hand in contact with the external coating, pr^enting the ball D 
to the conductor of the machine. The electricity will flow from the 
conductor to the inner coating, and the external coating will act 
inductively, being connected through the hand and body of the ope- 
rator with the earth. 

1761. Effect of ike metallic coating, — The metallic coatings of 
the jar have no other effect than to conduct the electricity to the 
surface of the glass, and when there, to afford it a free passage from 
point to point. Any other conductor would, abstractedly considered, 
serve the same purpose ; and metallic foil is selected only for the 
facility and convenience with which it may be adapted to the form 
of the glass, and permanently attached to it. That Hke effects would 
attend the use of any other conductor may be easily shown. 

1762. TFafer tnay he substituted for the metaUic coating, — Let 
a glass jar be partially filled with water, and hold it in the hand by its 
external surface. Let a chain or rod connected with the conductor 
of an electric machine be immersed in the water. A stream of elec- 
tricity will flow from the machine to the water, exactly as it did 
from the machine to the inner coating of the jar ; and the inductive 
action of the hand communicating through the body of the operator 
with the ground, will produce a charge of electricity in the water 
upon exactly tho same principle as the inductive action of the exter- 
nal coating of the jar communicated the charge of electricity on the 
internal coating. If, after the charge has been communicated in the 
water, the operator plunge his other hand in the water, so as to form 
a communication between the water within the jar and the hand 
applied to its external surface, the opposite electricities will rush 
towards each other through the hand of the operator, and their mo- 
tion will be rendered sensible by a strong nervous convulsion, 

1763. Experimental proof that the charge adheres to the glass 
and not to the coating. — The electricity with which the jar is charged 
in this case resides, therefore, on the glass, or on the conductor by 
which it passes to the glass, or is shared by these. 

To determine where it resides, it is only necessary to provide 
means of separating the jar from the coating after it has been 
charged, and examining the electrical state of the one and the other. 
For this purpose let a glass jar be provided, having a loose cylinder 
of metal fitted to its interior, which can be placed in it or withdrawn 
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from it at pleat^ure, and a Eimilar loose cylinder fitted to ita exterior. 
The jar being placed in the extornal cylinder, and the internal cylin- 
der being inserted in it, let it be charged with electricity by the 
machine io the maancr already described. Let the internal cylinder 
be then removed, and let the jar be raised nut of the ezlcmnl cylio- 
der. The two cylinders being then tested by an eleetroecopio appa- 
ratus, will be found to be in their natural state. But if an electro- 
scope be brought within the influence of the internal or eitemal 
surface of the glass jar, it will betray the presence of the one or the 
other species of el^ricity. If the glass jar be then inserted in an- 
other metallic cylinder made to fit it esternaily, and a aimilar metallic 
cylinder made to fit it internally be inserted in it, it will be found to 
be charged as if no change had taken place. On connecting by 
metallic communication the interior with the exterior, the opposite 
electricities will rush towards each other and combine. It is evident, 
therefore, that the seat of the electricity, when a jar is charged, is 
not the metallic coating, but the surface of the glass under it. 

1764. Improved form of Let/den Jar. — An improved form of 
_ the Leyden jar is represented in /Jfj. 501. Beside; 

the provisions which have been already explained, 
there ia attached to (his jar a hollow brass cup 
cemented into a glass tube. This tube passes 
through the wooden disk which forms the cone of 
the jar, and is fastened to it. It reaches to the 
bottom of the jar. A communication is formed 
between c and the internal coating by a brass wire 
terminating in the knob D. This wire, passing 
loosely through a small hole in the top, may be 
removed at pleasure for the purpose of cutting off 
the communication between the cup and the inte- 
rior coating. This wire does not extend quite to 
the bottom of the jar, but the lower part of the 
tube is coated with tiutbil, which ia in contact with 
ind extends to the inner coating of the 




Fig 501 



jar. 



At the bottom of the jar a hook is provided, by 
which a chtJn may be suspended so as to form a communication 
between the external coating and other bodies. When a jar of this 
kind is once charged, the wire may be removed or allowed to fall 
out by inverting the jar, in which case the jar will remain charged, 
Eince no communicatioD exists between its internal and external 
coating; and as the internal coating is protected from the contact 
of the external air, the absorption of electricity in this case is pre- 
vented. An electric charge may thus be transferred from place to 
place, and preserved for any length of time. 

In the construction of cylindrical jars it. is not always possible to 
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obtun glan of nnifona tbickness, for which reason jam km Bome- 
times provided of a s^herica] form. 

1765, Charging a aeries of jars hy cascade. — In charing a 
single jar, an unlimited number of jars, connected together by oon- 
ductoiB, may be charged with very nearly the same qunutity of elec- 
tricity. For this purpose let the series of jars be placed on inanb- 
^g stools, as represented in^. 502., and let be metallic chains 




Fig, 602. 

oonnectjng the external coating of eacb jar with the internal coating 
of the succeeding one. Let d be a chain connecting the first jar 
^ith the conductor of the macliine, and s' another chain connecting 
the iaat jur with the ground. The electricity conveyed to the inner 
coating of the first jar A acts by induction on the eiternal coalJng of 
the fimt jar, attracting the negativo electricity to the surface, and 
repelling the positive electricity through the chain c to the inner 
coating of the second jar. This charge of positive electricity in the 
second jar acts in like manner inductively on the external coatang of 
this jar, attracting the negative electricity there, and repelling the 
positive electricity through the chain C te the internal coating of the 
third jar; and in the same manner the internal coating of every 
succeeding jar in the series will be charged with positive eleetricitj, 
and its internal coating with negative electricity. If, while the 
series is insulated, a discharger be made te connect the inner coating 
of the first with the outer coating of the last jar, the opposite elec- 
tricities will rush towards each other, and the- series of jars will be 
restered te their natural stete. 

1766. Electric haltery. — When several jars are thus combined to 
obtain a more energetic discharge than could be formed by a single 
jnr, the system is called an electric battery, and- the method of 
charging it, esplained above, is called charging hg cascade. 

After the jars have been thus charged, the chains connecting the 
outer coating of each jar with the inner coating of the succeeding 
one are removed, and the knobs are all connected one with another 
by chains or metallic rods, so as te place all the internal coatings in 
electric conneclion, and the outer coatings are similarly connected. 
Sy this expedient the system of jars is rendered equivalent to a single 
jar, the magnitude of whose coated surface would be equal to the 
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8um of all the surfaces of the series of jars. The battery would 
then be discharged by placing a conductor between the outer coating 
of any of the jars and one of the knobs. 

If s express the total magnitude of the coating of the series of 
jars, the total charge of the battery will be expressed approxi- 
mately by ' 



E = 



s X e 
1 — m** 




Fig. 503. 



1767. Common electric haitery. — It is not always convenient, 
however, to practise this method. The jars composing the battery 
are commonly placed in a box, as represented in^^. 503., coated on 
the inside with tinfoil, so as to form a metallic communication between 
the external coating of all the jars. The knobs, which communicate 
with their internal coating, are connected by a series of metallic rods 

in the manner represented in the 
figure; so that there is a con- 
tinuous metallic communication 
between all the internal coatings. 
If the metallic rods which thus 
communicate with the inner coat- 
ing be placed in communication 
with the conductor of a machine, 
while the box containing the jars 
is placed in metallic communica- 
tion with the earth, the battery 
will be charged according to the principles already explained in the 
case of a single jar, and the force of its charge will be equal to the 
force of the charge of a single jar, the magnitude of whose external 
and internal coating would be equal to the sum of the internal and 
external coating of all the jars composing the battery. 

1768. Method of indurating and estimating the amount of the 
charge. — In charging a jar or a battery there is no obvious means 
by which the amount of the charge imparted to the jar can be indi- 
cated. It is to be considered that the internal coating is, in effect, a 
continuation of the conductor; and if the jars had no external coat- 
ing, the communication of the internal coating with the conductor 
would be attended with no other effect than the distribution of the 
electricity over the conductor and the internal coating, according to 
the laws of electrical equilibrium ; but the effect of the external 
coating is to .dissimulate or render latent the electricity as it flows 
from the conductor, so that the repulsion of the part of it which 
remains free is less than the expansive force of the electricity of the 
conductor, and a stream of the fluid continues to flow accordingly 
from the conductor to the iuternal coating ; and this process continues 
until the increasing force of the free electricity on the internal coat 
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ing of the jars becomes so great, that the force of the fluid on the 
condenser can no longer overcome it, and thus the flow of electricity 
to the jars from the conductor will cease. 

It follows, therefore, that during the process of charging the jars, 
the depth or tension of the electricity on the conductor is just so 
much greater than that of the free electricity on the interior of the 
jars, as is sufficient to sustain the flow of electricity from the one to 
the other ; and as this is necessarily so extremely minute an excess 
as to be insensible to any measure which could be applied to it, it 
may be assumed that the depth of electricity on the conductor is 
always equal to that of the free electricity on the interior of tho 
jars. If e therefore express the actual depth of the electric fluid 
at any time on the interior coating, (1 — m^) x e will express the 
depth of the free electricity ) and since, throughout the process, m, 
does not change its value, it follows that the actual depth of elec- 
tricity, and therefore the actual magnitude of the charge, is propor- 
tionate to the depth of free electricity on the interior of the jar, 
which is sensibly the same as the depth of free electricity on the con- 
ductor. It follows, therefore, that the magnitude of the charge, 
whether of a single jar or several, will always be proportionate to the 
depth of electricity on the conductor of the machine from which the 
charge is derived. If, therefore, during the process of charging a 
jar or battery, an electrometer be attached to the conductor, this in- 
strument will at first give indications of a very feeble electricity, the 
chief part of the fluid evolved being dissimulated on the inside of 
the jars ; but as the charge increases, the indications of an increased 
depth of fluid on the conductor become apparent; and at length, 
when no more fluid can pass from the conductor to the jars, the elec- 
trometer becomes stationary, and the fluid evolved by the machine 
escapes from the points or into the circumjacent air. 

The quadrant electrometer, described in (1757), is the indicator 
commonly used for this purpose, and is inserted in a hole on the con- 
ductor. When the pith ball attains its maximum elevation, the 
charge of the jars may be considered as complete. The charge which 
a jar is capable of receiving, besides being limited by the strength 
of the glass to resist the mutual attraction of the opposite fluids, and 
the imperfect insulating force of that part of the jar which is not 
coated, is also limited by the imperfect insulating force of the air 
itself. If other causes, therefore, allowed an unlimited flow of elec- 
tricity to the jar, its discharge would at length take plac6 by the 
elasticity of the free electricity within it surmounting the confining 
pressure of the air, and accordingly the fluid of the interior would' 
pass over the mouth of the jar, and unite with the opposite fluid of 
the exterior surface. 
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CHAP. vni. 

LAWS Of ELECTRICAL FORCES. 

1769. Electric. forces investigated hy Covlomh. — It is not enough 
to ascertain the principles which govern the decomposition of the 
natural electricity of bodies, and the reciprocal attraction and repul- 
sion of the constituent fluids. It is also necessary to determine the 
actual amount of force exerted by each fluid in repelling fluid of the 
likey or attracting fluid of the opposite kind, and how the intensity 
of this attraction is varied by varying the distance between the 
bodies which are invested by the attracting or repelling; fluids. 

By a series of experimental researches, which rendered his name 
for ever memorable, Coulomb solved this difficult and delicate pro- 
blem, measuring with admirable adroitness and precision these minute 
forces by means of his electroscope or balance of torsion," already 
described (1766). 

1770. Proof-plane, — The electricity of which the force was to be 
^ estimated was taken up from the surface of the electrified 

body upon a small circular disk c, fig, 504., coated with 
me^lic foil, and attached to the extremity of a delicate 
rod or handle A b of gum-lac. This disk, called a proof- 
plane, was presented to the ball suspended in the electro- 
meter of torsion (1756), and the intensity of its attraction 
or repulsion was measured by the number of degrees 
through which the suspending fibre or wire was twisted 
by it. 

Hg. 504. The extreme degree of sensibility of this apparatus may 
be conceived, when it is stated that a force equal to the 
340ih part of a grain was sufficient to turn it through 360 degrees ; 
and since the reaction of torsion is proportional to the angle of toi:sion, 
the foroe necessary to make the needle move through one degree 
would be only the 122,400th part of a grain. Thus this balance 
was oapable of dividing a force equal to a single grain weight into 
122^400 parts, and rendering tibe efliect of each part distinctly 
observable and measurable. 

1771. Law of dectricaZ force similar to that of gravitation, — 
By these researches it was established, that the attraction and repul- 
sion of the electric fluids, like the force of gravitation, and other 
physical influences which radiate from a centre, vary according to 
the common law of the inverse square of the distance; that is to 
say, the attraction or repulsion exerted by a body charged with elec- 
tricity or, to speak more correctly, by the electricity with which 
Boch a body is charged, increases in the same proportion as the 



262 ELECTRICITY. 

square of the distance from the body on which it acts is diminished, 
and diminishes as the square of that distance is increased. 

In general, if / express the force exerted by any quantity of 

electric fluid, positive or negative, at the unit of distance, ^ will 

express the force which the same quantity of the same fluid will 
exert at the distance D. 

In like manner, if the quantity of fluid taken as the unit exercise 

/ 
at the distance D the force expressed by ^ the quantity expressed 

by E, will exert at the same distance d the force f expressed by 

/XE 

These formulae have been tested Iff numerous experiments made 
under every possible variety of conditions, and have been found to 
represent the phenomena with the greatest precision. 

1772. Distmhution of the electric fluid on conductors, — The 
distribution of electricity upon conductors can be deduced as a mathe- 
matical consequence of the laws of attraction and repulsion which 
have been explained above, combined with the property in virtue of 
which conductors give free play to these forces. The conclusions 
thus deduced may further bo verified by the proof plane and electro- 
meter of torsion, by means of which the fluid diffused upon a 
conductor may be gauged, so that its depth or intensity at every 
point may be exactly ascertained ; and such depths and intensities 
have accordingly been found to accord perfectly with the results of 
theory. 

1773. It is confined to their surfaces, — Numerous facts suggest 
the conclusion that the electricity with which a conductor is charged 
is either superficial, or very nearly so. 

If an electrified conductor be pierced with holes a little grater 
thai} the proof plane (^fijg. 504.) to different depths, that plane, 

inserted so as to touch the bottom of 
'Y^ these holes, will take up no electricity. 

K a spheroidal metallio body A, 

fig, 605, suspended by a silken thread, 

be electrified, and two thin hollow 

, caps B B and b' b' made to fit it, coated 

J^ on their inside surface with metallic 

^^^ foil, and having insulating handles 

c c' of gum -lac, be applied to it, on 

withdrawing them the spheroid will 

^^g- ^05' be deprived of its electricity, the fluid 

being taken off by the caps. 
Although it follows, from these and other experimental tests, as 
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well as from theory, that the diffusion of electricity on conductors is 
nearly superficial, it, is not absolutely so. If one end of a metallic 
rod, coated with sealing-wax, be presented to any source of electri- 
city, the fluid will be received as freely from the other end, as if its 
surface were not coated with a non-conductor. It follows from this 
that the electricity must pass along the rod sufficiently within the 
surface of the metal which is in contact with the wax to be out of 
contact with the wax, which, by its insulating virtue, would arrest 
the progress of the fluid. 

1774. How tke distribution varies,- — It remains, however, to ascer- 
tain how the intensity of the fluid, or its depth on different parts of 
a conductor, varies. 

There are some bodies whose form so strongly suggests the inevi- 
table uniformity of distribution as to render demonstration needless. 
In the case of a sphere, the symmetry of form alone indicates the 
necessity of an uniform distribution. If, then, the fluid be regarded 
as having an uniform depth on every part of a conducting sphere, 
exactly as a liquid might be uniformly diffused over the surface of 
the globe, the total quantity of fluid will be expressed by multiplying 
its depth by the superficial area of the globe. 

1776. IHitribtuion on an ellipsoid. — If the electrified conductor 
be not a globC; but an elliptical spheroid, such as AA'yJiff. 506., the 

fluid will be found to be accumulated in greater 

quantity at the small ends A and a' than at the 

sides bb', where there is less curvature. This 

ungual distribution of the fluid is represented by 

the dotted line in the figure. 

Hg. 506. It follows from theory, and it is confirmed by 

observation, that the depth of the fluid at A and 

A' IB greater than at b b' in the ratio of the longer axis A a' of the 

eUipse to the shorter axis B b'. 

If, therefore, the ellipsoid be very elongated, as in fy, 506., the 

depth of the fluid at the ends A and a' will be 

<^''*^^^--^^T^^^~^^^^^ proportionally greater. 

C^ j^ ^ jQ^ ^ ^ ^ 1776. Effects of edges and points, — If the 

' conductor be a flat disk, the depth of the fluid 
Kg. 607. will increase from its centre towards its edges. 

The depth will, however, not vary sensibly near 
the centre, but will augment rapidly in approaching the edge, as 
represented in fy, 508., where A and B are the edges, and o the 
centre of the disk, the depth of the fluid being indicated by the 
dotted line. 

It is found in general that the depth of the fluid increases in a 
rapid proportion in approaching the edges, corners, and extremities, 
whatever be the shape of the conductor. Thus, when a circular disk 
or rectangular plate has any considerable magnitude, the depth of 
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Fig. 608. 

the electricity is sensibly uniform at all parts not contiguous to the 
borders; and whatever be the form, whether round or square^ if 
only it be terminated by sharp angular edgeS; the depth will increase 
rapidly in approaching them. 

If a conductor be terminated, not by sharp angular edges, but by 
rounded sides or ends, then the distribution will become more uni- 
form. Thus, if a cylindrical conductor of considerable diameter have 
hemispherical ends, the distribution of the electricity upon it will be 
nearly uniform ; but if its ends be flat, with sharp angular edges, 
then an accumulation of thp fluid will be produced contiguous to 
them. If the sides of a flat plate of sufficient thickness be rounded| 
the accumulation of fluid at the edges will be diminished. 

The depth of the fluid is still more augmented at corners where 
the increase of depth due to two or more edges meet and are com- 
bined ; and this efiiect is pushed to its extreme limit if any part of a 
conductor have the form of a point. 

The pressure of the surrounding air being the chief, if not the only 
force, which retains the electric fluid on a conductor, it is evident 
that if at the edges, comers, or angular points, the depth be so much 
increased that the elasticity of the fluid exceeds the restraining pres- 
sure of the atmosphere, the electricity must escape, and in that case 
will issue from the edge, corner, or point, exactly as a liquid under 
strong pressure would issue from 2kjet d'eau, 

nil. Experimental illustration of the effect of a point — Let P, 
fig. 509., be a metallic point attached to a conductor c, and let the 

perpendicular n express the thickness 
or density of the electric fluid at that 
place ; this thickness will increase in 
approaching the point P, so as to bo 
represented by perpendiculars drawn 
from the respective points of the curve 
w, n', n" to AP, so that its density at 
p will be expressed by the perpen- 
dicular n" p. Experience shows that 
in ordinary states of the atmosphere 
Fig. 509. a very moderate charge of electricity 

given to the conductor c will produce 
such a density of the electric fluid at the point p as to overcome the 
pressure of the atmosphere, and to cause the spontaneous discharge of 
the electricity. 
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The following experiments will serve to illostrate this escape of 
electricity from points. 

Let a metallic point, such as A p, fig. 509., be attached to a con- 
ductor^ and let a metallic ball of two or three inches in diameter, 
having a hole in it corresponding to the point p, be stuck upon the 
point. K the conductor be now electrified, the electricity will be 
diffused over it, and over tlie ball which has been stuck upon the 
p<nnt P. The electric state of the conductor may be shown by a 
quadrant electrometer being attached to it. Let the ball now be 
drawn off the point p by a silk thread attached to it for the purpose, 
and let it be held suspended by that thread. The electricity of the 
oonductor o will now escape by the point p, as will be indicated by 
the electrometer, but the ball suspended by the silk thread will be 
electrified as before. 

1778. Rotaiwn, pradficed hy the reaction of points. — Let two 
wires A b and o d, fig. 510., placed at right angles, be supported by 

a cap E upon a fine point at the top of an insulating 
stand, and let them communicate by a chain E with 
a conductor kept constantly electrified by a machine. 
Let each of the four arms of the wires be terminated 
by a point in a horizontal direction at right angles 
to the wire, each point being turned in the same 
direction, as represented in the figure. When the 
electricity comes from the conductor to the wires, it 
will escape from the wires at these four points re- 
spectively; and the force with which it leaves them 
will be attended with a proportionate recoil, which 
will cause the wire to spin rapidly on the centre E. 
1779. Another experimental illustration of this 
principle. — An apparatus supplying another illustration of this prin- 
ciple is represented in fig, 511.: a 
square wooden stand T has four rods 
of glass inserted in its comers, the 
rods at one end being less in height 
than those at the other. The tops 
of these rods having metal wires A B 
Y/^ and D stretched between them, 
-y across these wires another wire E p 
is placed, having attached to it at 
Fig. 611. right angles another wire G H, hav- 

ing two points turned in opposite di- 
rections at its extremities, so that when o h is horizontal these two 
points shall be vertical, one being presented upwards, and the other 
downwards. A chain from A communicates with a conductor kept 
eoDfltantly electrified by a machine. 

The electricity coming from the conductor by the chain, passes 
u 23 




Fig. 510. 
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along the s^tem of wires, and escapes at the points o and H. The 
consequent recoil causes the wire G H to revolve round E F as an axis, 
and thereby causes E F to roll up the inclined plane. 

1780. Electrical orrery, — An apparatus called the electrical 

orrery is represented in fig. 512. A 
metallic ball A rests upon an insulating 
stand bj means of a cap within it, 
placed upon a fine metallic point form- 
ing the top of the stand. 

From the ball A an arm D A proceeds, 
the extremity of which is turned up at 
£, and formed into a fine point. 

A small ball b rests by means of a 
cap on this point, and attached to it are 
two arms extended in opposite direc- 
Slg. 512. tions, one terminated with a small ball 

c, and the other by a point p presented 
in the horizontal direction at* right angles to the arm. Another point 
P^, attached at right angles to the arm D A, is likewise presented in 
the horizontal direction. By this arrangement the ball A together 
with the arm D A is capable of revolving round the insulating stand, 
by which motion the ball B will be carried in a circle round the ball 
A. The ball B is also capable at the same time of revolving on the 
point which supports it, by which motion the ball c will revolve 
round the ball B in a circle. If electricity be supplied by the chain 
to the apparatus, the balls A and B and the metallic rods will be 
electrified, and the electricity will escape at the points p and p^. 
The recoil produced by this escape will cause the rod D A to revolve 
round the insulating pillar, and at the same time the rod p c together 
with the ball B to revolve on the extremity of the arm D A. Thus, 
while the ball b revolves in a circular orbit round the ball a, the 
ball c revolves in a smaller circle round the ball b, .the motion re> 
sembling that of the moon and earth with respect to the sun. 



CHAP. IX. 

MECHANICAL EFFECTS OF ELECTRICITY. 

1781. Attractions and repulsions of electrified bodies. — ^If a bwdy 
charged with electricity be placed near another body, it will impress 
upon such body certain motions, which will vary according as the 
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v* — V body thus affected h a conductor or a 

f A non-conductor; according as it is in its 

natural state or charged with electricity; 
and in fine, if charged with electricity, 
acccording as the electricity is similar or 
opposite to that with which the body act- 
ing upon it is charged. 

Let Ay Jig. 613., be the body charged 
with electricity, which we shall suppose 
to be a metallic ball supported on an in- 
sulating column. Let B be the body upon 
which it acts, which we shall suppose to 
be a small ball suspended by a fine silken 
thread. We shall consider successively 
the cases above mentioned. 

1782. Action of an dectrified body on a nonrconductor not eleo 
trified, — 1^. Let B be a non-conductor in its natural state. 

Li thid case no motion will be impressed on B. The electricity 
with which A is charged will act by attraction and repulsion on the 
two opposite fluids which compose the natural electricity of B, attract- 
ing each molecule of one by exactly the same force as it repels the 
molecule of the other. No decomposition of the fluid will take place, 
because the insulating property of b will prevent any motion of the 
fluids upon it, and will therefore prevent their separation. Each 
compound molecule therefore being at once attracted and repelled by 
equal forces, no motion will \ake place. 

1783. Action of an electrified body on a non<ondv/ctor charged 
with like electricity, — ^2°. Let B be charged with electricity similar 
to that with which A is charged. 

In this case B will be repelled from A. For, according to what 
has been explained above, the forces exerted on the natural elec- 
tricity of B will be in equilibrium, but the electricity of A will repel 
the similar electricity with which b is charged; and since this fluid 
cannot move upon the surface of B because of its insulating virtue, 
and cannot quit the surface because of the restraining pressure of 
the surrounding air, it must adhere to the surface, and, being repelled 
by the electricity of A, must carry with it the ball B in the direction 
of such repulsion. The ball b therefore will incline from A, and 
will rest in such a position that its weight will balance the repubive 
force. 

1784. Its auction on a non-conductor charged with opposite dec^ 
tricity. — 3°. Let B be charged with electricity opposite to that with 
which A is charged. 

In this case B will be attracted towards A, the distribution of the 
fluid upon it not being changed, for the same reasons as in tiie last 
case. 
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1785. Its actum on a candtictor not dectr%fied.-~-A^, Let B be a 
conductor in its natural state. 

In this case the action of the fluid on A attracting one constituent 
of the natural electricity of B, and repelling the other, will tend to 
decompose and separate them ; and since the conducting virtue of B 
leaves free play to the movement of the fluids upon it, this attraction 
and repulsion will take eflect, the attracted fluid moving to the side 
of B nearest to A, and the repelled fluid to the opposite side. 

To render the explanation more clear^ let us suppose that A is 
charged with positive electricity. 

In that case, the negative fluid of B will accumulate on the side 
next A, and the positive fluid on the opposite side. The negative 
fluid will therefore be nearer to A than the positive fluid; and since 
the force of the attraction and repulsion increases as the square of 
the distance is diminished (1771), and since the quantity of the 
negative fluid on the side next A is equal to the quantity of positive 
fluid on the opposite side, the attraction exerted on the former will 
be greater than the repulsion exerted on the latter; and since the 
fluids are prevented from leaving b by- the restraining pressure of the 
air^ the fluids carrying with them the ball b will be moved towardi 
A and will rest in equilibrium, when the inclination of the string Is 
such that the weight of b balances and neutrali2es the attraction. 

If A were charged with negative electricity, tlie same effects would 
be produced, the only diflerence being that, in that case, the positive 
fluid on B would accumulate on the side next A, and the negative 
fluid on the opposite side. 

Thus it appears that a conducting bodv in its natural state is 
always attracted by an electrified body, with whichever species of 
electricity it be charged. 

1786. Its action upon a condiictor charged vyith like electricity,^ 
5°. Let B be a conductor charged with electricity similar to that with 
which A is charged. 

In this case the effect produced on B will depend on the relative 
strength of the charges of electricity of A and B. 

The electricity of A will repel the free electricity of B, and cause 
it to accumulate on the side of B most remote from A. But it will 
also decompose the natural electricity of B, attracting' the fluid of the 
contrary kind to the side near A, and repelling the fluid of the same 
kind to the opposite side. It will follow from this, that the quantity 
of the fluid of the same name accumulated at the opposite side of lb 
will be greater than tfaie quantity of fluid of the contrary name col- 
lected at the side near a. While, therefore, the latter is more attracted 
than the former, by reason of its greater proximity, it is less attracted 
by reason of its lesser quantity. If these opposite eflects neutralize 
each other, — ^if it lose as much force by its inferior quantity as it 
gains by its greater proximity, the attractions and repulsions of A on 
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B will neutralize each other, and the ball B will not move.' But if 
the quantity of electricity with which b is charged be so small that 
more attraction is gained by proximity than is lost by quantity, then 
the ball b will move towards A. If, however, the quantity of elec- 
tricity with which B is charged be so great that the effect prevail 
over that of distance, the ball b will be repelled. 

It follows, therefore, from this, that in order to insure the repul- 
sion of the ball b in this case, the charge of electricity must be so 
strong as to prevail over that attraction which would operate on the 
ball b if it were in its natural state. A very small electrical charge 
is, however, generally sufficient for this. 

1787. Its action upon a condtictor charged tcith opposite electricity, 
— 6°. Let B be charged with electricity of a contrary name to that 
with which A is charged. 

In this case B will alwavs be attracted towards A, for the attraction 
exerted on^ the fluid with which it is charged will be added to that 
which would be exerted on it if it were in its natural state. 

The free electricity on B will be attracted to the side next A, and 
the natural fluid will be decomposed, the fluid of the same name 
aocumulatiDg on the side most remote from a, and the fluid of the 
contrary name collecting on the side nearest to A, and there uniting 
with the free fluid with which b is charged. There is therefore a 
greater quantity of fluid of the contrary name on that side, than of 
the same name on the opposite side. The attraction of the former 
prevails over the repulsion of the latter therefore at once by greater 
quantity and greater proximity, and is consequently effective. 

1788. Attractions and repulsions of pith balls explained, — What 
has been explained above will render more clearly understood the 
attractions and repulsions manifested by pith balls-before and after 
their contact with electrified bodies (1697). Before contact, the balls, 
being in their natural state, and being composed of a conducting 
material, are always attracted, whatever be the electricity with which 
the body to which they are presented is charged (1785) ; but after 
contact, being charged with the like electricity, they are repelled 
(1786). 

When touched by the hand, or any conductor which communicates 
with the ground, they are discharged and restored to their natural 
state, when they will be again attracted. 

K they be suspended by wire or any other conducting thread, and 
the stand to be a conductor communicating with the ground, they 
will lose their electricity the moment they receive it. 

The electric fluid in passing through bodies, especially if they be 
imperfect conductors, or if the space they present to the fluid bear a 
small proportion to its quantity, produces various and remarkable 
mechanic^ effects, displacing the conductors sometimes with great 
violence. 

23* 
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1789. Strong electric charges rupture imperfect conductors. --^ 
Card pierced hy discharge of jar. — The current of electricity dis- 
charged from a Lejden jar will penetrate several leaves of paper or 
card. 

A method of exhibiting this effect is represented in 
^ ^ fi9' ^^^' ^^^ chain A communicates with the outside 
coating of the jar. The card o is placed in such a posi- 
tion that two metallic points touch it on opposite sides, 
terminating near each other. The pillar o, being glass, 
intercepts the electricity. The ball of the discharger 
being put in communication' with the inside coating of 
the jar, is brought into contact with the ball B, so that 
the two points which are on opposite sides of the card, 
• ^ t being in connection with the two coatings of the jar, are 
^ charged with contrary fluids, which exert on each other 
, such an attraction that they rush to each other, penetra- 
■^ ting the card, which is found in this case pierced by % 
Pig. 514. hole larger than that produced^ by a common pin. 

It is remarkable that the hurr produced on the surface 
of the ci^rd is in this case convex on both sidesy as if the matter prodacing 
the hole, instead of passing through the card from one side to the 
other, had either issued from the middle of its thickness, emerging 
at each surface, or as if there were two distinct prevailing substances 
passing in contrary directions, each elevating the edges of the orifice 
in issuing from it. 

The accordance of this effect with the hypothesis of two fluids i$ 
apparent. 

1790. Curious fact observed hy M. Tremery, — A fact h^s beeii 
noticed by M. Tremery for which no explanation has y^t been ^y^o. 
That observer found that when the two points on opposite sid^s of tl|Q 
card are placed at a certain distance, one above the other, the bolQ 
will not be midway between them. When the experiment is made in 
the atmosphefb, the hole will always be nearer to the negative fliud. 
When the apparatus is placed under the receiver of an air-pump, the 
hole approaches the positive fluid as the rarefaction proceeds. 

If several cards be placed between the knobs of the universal dis- 
charger (1744), they may be pierced by a strong charge of a jar or 
battery, having more than one square foot of coated surface. 

1791. Wood and glass hrohen hy discharge. — A rod of wood half. 
an inch thick may be split by a strong charge transmitted in Uie 
direction of its fibres, and other imperfect conductors pierced in Uie 
same manner. 

If a leaf of writing-paper be placed on the stage of the dischai^^, 
tbe electricity passed through it will tear it. 

7he charge of a jar will penetrate glass. An apparatus for ex* 
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hating tbis efiect is ahown id fig. 515. It may also be exhibited 
\lj tnasraiUiog the ohnrge through the ride of a phiaJ, fig. 516. 

A Btrong oEuge ptgMd through water scatters the liquid in all 
dinetioDS aroiuid the points of discharge, fig. 517. 

1792> t3)tekrieai belh. — The alternate attraodoD and repnlsion 
of elootrified eoDduoton is prettily illiutrKted bj the electrical bdb. 





Fig. 617. 

A B and D, fig. 518., are tiro metallic rods sapported on a glass 
]h11u. From die ends of these rods four bells a' b" a' d' ara sus- 
pended by metallio chuns. A central bell q is supported on the 
WOod«n stand vhich sustains the glass pillar e r, and this central 
beU oommnnioates by a chain q k with the ground. From the traDS- 
mae rods are also suspended, by silken threads, foar small brass 
balls H. The trauBVerse rods being put in oommunicatioa with the 
eondaotor of an electrical machine, the four bells a' b' o' d' become 
charged with electridty. They attract and then repel the balls h, 
whi(£ when repelled strike the belt a, to which they give up the 
eleotridty tbey received by contact with tbe b^lls a' b' c' n', and this 
elecbnintf paaees to the ground by the chain a. Tbe bells will thus 
oouliiiae to be tolled as long as any electricity is supplied by the 
eondnotor to the bells a' b' g' i/. 

1793. .fi^nJnim of electrified Areaii. — Let a skein of linen 
thread be tied in a knot at each end, and let one end of it be attached 
to aome part of the conductor cf the machine. When the machine 
ia worked the threads will become electrified and will repel each 
other, M that the skein will Swell out into a form resembling the 
18 drawn upon a globe. 
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1794. Curious effect of repvMon of pith haH, — Let a metallie 
point be inserted into one of the holes of the prime conductor^ so thst) 
in accordance with what has been explained, a jet of electricity may 
escape from it when the conductor is electrified. Let this jet^ while 
the machine is worked, be received on the interior of a- glass 
tumbler, by which the surface of the glass will become charged with 
electricity. 

If a number of pith balls be laid upon a metallic plate oommuni- 
eating with the ground, and the tumbler be placed with its moudi 
upon the plate, including the balls within it, the balls will begin 
immediately leaping violently from the metal and striking the fflass, 
and this action will continue till all the electricity with which the 
glass was charged has been carried away. 

This is explained on the same principle as the former experiments. 
The balls are attracted by the electricity of the glass, and when elec- 
trified by contact, are repelled. They give up their electricity to the 
metallic plate from which it passes to the ground ; and this process 
continues until no electricity remains on the glass of sufficient strength 
to attract the balls. 

1796. Electrical dance. — Let a disk of pasteboard or wood, coated 
with metallic foil, be suspended by wires or threads of linen from the 
prime conductor of an electrical machine, and let a similar disk be 
placed upon a stand capable of being adjusted to any required heigh! 
Let this latter disk be placed immediately under the former, and let 
it have a metallic communication with the ground. Upon it place 
small coloured representations in paper, of dancing figures, which 
are prepared for the purpose. When the machine is worked, the 
electricity with which the upper disk will be charged will attract the 
light figures placed on the lower disk, which will leap upwards; 
and after touching the upper disk and being electrified, will be re- 
pelled to the lower disk, and this jumping action of the figures will 
continue so long as the machine is worked. An electricsd dance is 

thus exhibited for the amusement of 
young persons. 

1796. Cw'ious experiments on eleo 
trified water. — Let a small metallic 
bucket B, Jig. 519., be saspcnded from 
the prime conductor of a machine, and 
let it have a capillary tube c D of the 
siphon form immersed in it ; or let it 
have a capillary tube inserted in the 
bottom ; the bore of the tube being so 
small, that water cannot escape from 
it by ^ own pressure. When the 
machine is put in operation, the par^ 
Fig. 619. tides of water becoming electrified, 
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will lepel eiich other^ luod immediately an almndaot stream will iasoe 
from the tabe; and as the particles of water after leaving the tabe 
still exercise a reqiprooal repulsion, the stream will diverge in the 
&rm of a bmsh* 

If a sponge saturated with water be suspended from the prime 
coDdootor of tjie maobin^^ the water^ when tbe machine is first worked, 
?rill drop slowly £rom it; bul wh^n the conductor becomes strongly 
electrified; it "vnll descend abundantly, and in the dark will exhibit 
the appearance of a shower of luminous rain. 

1797. IkcperimeiU tpith decirified sealing-wax, — Let a piece of 
sealhig-wax be attached to the pointed end of a metallic rod ; set 
fire tp the wax, mid when it is in a state of fusion blow out the 
flame, and present the wax within a few inches of the prime con- 
doetor of the mi^hine. Strongly electrified myriads of fine filiunents 
will issue from the wax towards the conductor, to which they will 
fdhere, f(»ming a sort of net-work resembliug wool. This effect is 
produced by we positive electricity of the conductor decomposing 
the natural electricity of the wax; and the latter beiog a conductor 
when iu a state of fu4on, the negative electricity is accumulated in 

. ihe soft part of the wax near the conductor, while the positive eleo- 
tricity ^scapes idpng the metallic rod. The particles of wax thus 
9e^tjvely eleptrified being attracted by the conductor, are drawn into 
^ fijmi^ents «bove mention^. 

1798. Mectrical see-saw. — ^The electrical see-saw ah, Jig. 520., is 

a small strip of wood covered over with silver 
■leaf OF tinfoil, insulated on c like a balanoe. 

slight preponderance is given to it at a, so 
rests on a wire having a knob m at its 
' ^ top; ^ is a similar metallic ball insulated. 

Fig. 520. Connect p with the interior, and m with the 

exterior coating of the jar, charge it, and the 
see-saw motipn of Qh will commence from causes similar to those 
ihii^ excited the mi^Y^ments of the pith balls. 



CHAP. X. 

THEEMAL EFfEOTS OF ELECTBIOITT. 

« 

1799. A current of electricity jnissing over a conductor raises it$ 
temperatwe. — ^If a current of electricity pass over a couductor, as 
woud happen when the condAor of an electrical machine is con« 
Qfioied by a metallic rod with the ^rth, no change in the thermal 
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condition of the conductor will be observed so long as its transverse 
section is so considerable as to leave sufficient space for the free 
passage of the fluid. But, if its thickness be diminished, or the 
quantity of fluid passing over it be augmented, or, in general, if the 
ratio of the fluid to the magnitude of the space afforded to it be 
increased, the conductor will be found to undergo an elevation of 
temperature, which will be greater the greater the quantity of the 
electricity and the less the space supplied for its passage. 

1800. Experimental verification. — Wire heated, fused, and, 
humed. — If a piece of wire of several inches in length be placed 
upon the stage of the universal discharger (1744), a feeble charge 
transmitted through it will sensibly raise its temperature. By in- 
creasing the strength of the charge, its temperature may be elevated 
to higher and higher points of the thermometrio scale; it may be 
rendered incandescent, fused, vaporized, and, in fine, burned. 

With the powerful machine of the Taylerian Museum at Haarlem, 
Van Marum fused pieces of wire above 70 feet in length. 

Wire may be fused in water; but the length which can be melted 
in this way is always less than in air, because the liquid robs the 
metal of its heat more rapidly than air. 

A narrow ribbon of tinfoil, from 4 to 6 inches in length, may be 
volatilized by the discharge of a common battery. The metallic ya- 
\ pour is in this case oxidized in the air, and its filaments float like 
those of a cobweb. 

1801. Thermal effecttk are greater as the condticting power is less. 
— ^These thermal effects are manifested in diflerent degrees in diffisrent 
metals, according to their varying conducting powers. The worst 
conductors of electricity, such as platinum and iron, suffer much 
greater changes of temperature by the same charge than the best 
conductors, such as gold and copper. The charge of electricity, 
which only elevates the temperature of one conductor, will sometimes 
render another incandescent, and will volatilize a third. 

1802. Ignition of metals. — If a fine silver wire be extended be- 
tween the rods of the universal discharger (1744), a strong charge 
will make it bum with a greenish flame. It will pass off in a greyish 
smoke. Other metals may be similarly ignited, each producing a 
flame of a peculiar dolour. If the experiments be made in a receiver, 
the products of the combustion being collected, will prove to be the 
metallic oxides. 

If a gilt thread of silk be extended between the rods of the dis- 
charger, the electricity will volatilize or burn the gilding, without 
affecting the silk. The effect is too rapid to allow the time necessary 
for the heat to affect the silk. 

A strip of gold or silver leaf placed between the leaves of paper, 
being extended between the rods of tbe discharger, will be burnt by 
a discharge from a jar having two square feet of coating. The 



THERMAL EFFECTS OF ELECTRICITY. 275 

tallio oxide will in this case appear on the paper as a patch of purple 
colour in the case of gold, and of grey colour in that of silver. 

A spark from the prime conductor of the great Haarlem machine 
burnt a strip of gold leaf twenty inches long by an inch and a half 
broad. 

1803. Effect on fulminating silver. — The heat developed in the 
passage of electricity through combustible or explosive substanceS| 
which are imperfect conductors^ causes their combustion or explo- 
uon. 

A small quantity of fulminating silver placed on the point of a 
knife, explodes if brought within a few feet of the conductor of an 
electrical machine in operation. In this case the explosion is pro- 
duced by induction. 

1804. Electric pistol. — The electrical pistol or cannon is charged 
with a mixture of hydrogen and oxygen gases, in the proportion 
necessary to form water. A conducting wire terminated by a knob 
is inserted in the touch-hole, and the gases are confined in the barrel 
by the bullet. An electric spark imparted to the ball at the touch- 
hole, causes the explosion of the gases. This explosion is produced 
by the sudden combination of the gases, and their conversion into 
water, which, in consequence of the great quantity of heat developed, 
is instantly converted into steam of great elasticity, which, by its 
expansion, forces the bullet from the barrel in the same manner as 
do the gases which result from the explosion of gunpowder. 

1805. Ether and alcohol ignited. — Ether or alcohol may be fired 
by passing through it an electric discharge. Let cold water be 
poured into a wine-glass, and let a thin stratum of ether be carefully 
poured upon it. The ether being lighter will float on the water. 
Let a wire or chain connected with the prime conductor of the ma- 
chine be immersed in the water, and, while the machine is in action, 
present a metallic ball to the surface of the ether. The electric 
charge will pass from the water through the ether to the ball, and 
will ignite the ether. Or, if a person standing on an insulating 
stool, and holding in one hand a metallic spoon filled with ether, 
present the surface of the ether to a conductor, and at the same time 
apply the other hand to the prime conductor of a machine in opera- 
tion, the electricity will pass from the prime conductor through the 
body of the person to the spoon, and from the spoon through the 
ether, to the conductor to which the ether is presented, and in so 
passing will ignite the ether. 

1806. ResinovA powder burned. — The electric charge transmitted 
through fine resinous powder, such as that of colophony, will 

r'te it. This experiment may be performed either by spreading 
powder on the stage of the discharger (1744), or by impreg- 
nafing a hank of cotton with it; or, in a still more striking manneri 



276 



BLECTBICITY. 



by Bprinkling it on the surface of water contained in an earth^war^ 
saucer. 

1807. Gunpowder exploded, — Q-unpowder may, in like manner, 
be ignited by electricity. This experiment is most -eonveoiendy 
exhibited by placing the powder in a small wooden cup, and con- 
ducting the electric charee along a moist thread, six or seren 
inches Ions, attached to the arm of the discharger, which is con- 
nected with the negative coating of a jar, and the charge, in its 
passage from one rod of the discharger to the other will ignite the 
powder. 

1808. Electric mortan, — The electric mortar, y^. 
c^Q^D 521., is an apparatus by which the gunpowder is 

j^^^^n^ Ignited by passing an electric charge through it. 
The mixed gases may also be used in this instm- 

Fig. 621. ment. 

Common air or gas, not being explosive, is heated so 

i suddenly and intensely by transmitting through it an 
electric charge, that it will expand so as to project the 
ball from the mortar. 
1809. Kinnerdei/s electrometer, — Kinnersley's elec- 
tric thermometer, fig, 522., is an instrument intended 
to measure the degree of heat developed in the passage 
of an electric charge by the expansion of air. The duh 
charge takes place between Uie two balls h h' in the 
glass cylinder, and the air confined in the cylinder 
being heated expands, presses upon the liquid contained 
in the lower part of the cylinder, and causes the liquid 
in the tube ^^ to rise. The variation of the column 
of liquid in^he tube 1 1 indicates the elevation of tem- 
Kg. 622. perature. 




CHAP. XI. 



LUMINOUS EFFECTS OF ELECTRICITY. 

1810. Electric fluid not luminous, — The electric fluid is not 
luminous. An insulated conductor, or a Leyden jar or battery, how- 
ever strongly charged, is never luminous so long as the electric equi- 
librium is maintained and the fluid continues in repose. But if this 
equilibrium be disturbed, and the fluid move from one conductor to 
another, such motion is, under certain conditions, attended With 
luminous phenomena. 

1811. Conditions under which light is developed by an eUctric 
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emrtnt — One of the conditions necessary to the development of 
light bj the motion of the electric fluid is, that the electricity should 
have a certain intensity. If the conductor of an ordinary electric 
maofaino' while in operation be connected with the ground by a thick 
metallic wire, the current of the fluid which flows along the wire to 
the ground will not be sensibly luminous ; but if the machioe be one 
of great power, such for example as the Taylerian machine of Haar- 
lem, an iron wire 60 or 70 feet long communicating with the ground 
and conducting the current will be surrounded by a brilliant light 
The intensity of the electricity necessary to produce this effect de- 
pends altogether on the properties of the medium in which the fluid 
moves. Sometimes electricity of feeble intensity produces a strong 
luminous effect, while in other cases electricity of the greatest inten- 
sity developes no sensible degree of light. 

It has been already explained that the electric flnid with which 
an insulated conductor is charged is retained upon it only by the 
pressure of the surrounding air. According as this pressure is 
iDcreased or diminished, the force necessary to enable the elec- 
tricity to escape will be increased or diminished; and in the same 
proportion. 

When a conductor b in communication with the ground approaches 
an insulated conductor A charged with electricity, the natural eleo-. 
trioity of b will be decomposed, the fluid of the same name as that 
which charges a escaping to the earth, and the fluid of the opposite 
name accumulating on the side of b next to a. At the same time, 
according to what has been explained (1785), the fluid on A accu- 
mulates on the side nearest to B. These two tides of electricity of 
opposite kinds exert a reciprocal attraction, and nothing prevents 
them from rushing together and coalescing, except the pressure of 
the intervening air. They will coalesce, therefore, so soon as their 
mutual attraction is so much increased as to exceed the pressure of 
the air. 

This increase of mutual attraction may be produced by several 
causes. JFKrst, by increasing the charge of electricity upon the con- 
ductor A, for the pressure of the fluid will be proportional to its 
depth or density. Secondly, by diminishing the distance between 
A and B, for the attraction increases in the same ratio as the square 
of that distance is diminished ; and thirdlr/y by increasing the conduct- 
ing power of either or both of the bodies A and B, for by that means 
the electric fluids, being more free to move upon them, will accumu- 
late in greater quantity on the sides of A and B which are presented 
towards each other. Fourthly, by the form of the bodies A and B, 
for according to what has been already explained (1776), the fluids 
will accumulate on the sides presented to each other in greater or 
less quantity, according as the form of those sides approaches to that 
of an edgC; a corner; or a point. 

n. 24 
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When the force excited by the fluids surpasses the restraining 
force of the intervening air, they force their passage through the air, 
and, rushing towards each other, combine. This movement is at- 
tended with light and sound. A light appears to be produced be- 
tween the points of the two bodies A and B, which has been called 
the electric sparky and this luminous phenomenon is accompanied by 
a sharp sound like the crack of a whip. 

1812. The electric spark, — The luminous phenomenon called the 
electric spark does not consist, as the name would imply, of a laroi- 

nous point which moves from the one 
body to the other. Strictly speaking, 
the light manifests no progressive mo- 
tion. It consists of a thread of light, 
which for an instant seems to connect 
^ the two bodies, and in general is not 
Fig. 623. extended between them in one straight 

unbroken direction like a thread which 
might be stretched tight between them, but has a zig-zag form resem- 
bling more or less the appearance of lightning, fig, 523. 

1813. Electric aigrette. — If the part of either of the bodies A or 
B which is presented to the other have the form of a point, the elec- 
tric fluid will escape, not in the form of a spark, but as an aigrette 
or brush light, the diverging rays of which sometimes have the length 
of two or three inches. A very feeble charge is sufficient to cause 
the escape of the fluid when the body has this form (1776). . 

1814. The length of the spark. — If the knuckle of the finger or 
a metallic ball at the end of a rod held in the hand be presented to 
the prime conductor of a machine in operation, a spark will be pro- 
duced, the length of which will vary with the power of the machine. 

By the length of the spark must be understood the greatest dis- 
tance at which the spark can be transmitted. 

A very powerful machine will so charge its prime conductor thst 
sparks may be taken from it at the distance of 30 inches. 

1815. Discontinuous conductors produce luminous effects. — Since 
the passage of the electricity produces light wherever the metallic 
continuity, or more generally wherever the continuity of the con- 
ducting material is interrupted, these luminous effects may be multi- 
plied by so arranging the conductors that there shall be interruptions 
of continuity arranged in any regular or desired manner. 

1816. Various experimental illustrations, — If a number of metal- 
lic beads be strung upon a thread of silk, each bead being separated 
from the adjacent one by a knot on the silk so as to break the con- 
tact, a current of electricity sent through them will produce a series 
of sparks, a separate spark being produced between every two succes- 
sive beads. By placing one end of such a string of beads in contact 
with the conductor of the machine, and the other end in metallic 
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oomtnnDication with the gronnd, b chun of eparks can be mainbuned 
BO long as the machine iB workeil. 

The BtriDg of beads may be disposed so as to form a varietj of 
fancy designsj which will appear in the dark in characters of light 
Similar effecta may be produced by attaching bits of metallic foil 
to glass. Sparkling tnbeg and plates are contrived in thia manner, 
by which amusing experiments are 
I exhibited. A glass plate is repre- 
sented in Jig. 524, hy whieh a word 
is made to appear in letters of light 
' a dark room. The letters are 
ned by attaching lozeoge-shaped 
Fig. 621. bits of tinfuil to the glass, disposed 

in the proper form. In the same 
manner designs may be formed on the inner surface of glass tubes, 
or, in fine, of glass vessela of any form. 

In these cases the luminous characters may be made to appear in 
lights of various colours, by using spangles of difierent metals, since 
&0 colour of the spark varies with the metal. 

1817. Effect of rarefied air. — When the electric fluid passes 
tiirongh air, the brilliancy and colour of the light evolved depends 
on the density of the air. Id rare&ed air the light is more diffused 
and less intense, and acquires a, reddish or violet colour. Its colour, 
however, is a^cted, as has been just stated, by the nature of the 
condoctora between which the current flows. When it issues from 
gold the light is green, from silver red, from tin or 
:, from water deep yellow inclining to 

I orange. 
It is evident that these phenomena snppty the 
means of producing electrical appuratua by which 
an infinite variety of beautiful and striking luuii- 
Lous effects may be produced. 

When the electricity escapes from a metallic point 

in the dark, it forms an aigrette, /j^ 525., which 

Pig. I2S. will continue to be visible bo long as the machine 

is worked. 

The Inminous effect of electricity in rarefied air is exhibited by an 
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apparatus^ fig> 526., oonsistiDg of a glass receiver h V^ wbicfa can be 
screwed upon the plate of an air-pump and partially exhausted. The 
electric current passes between two metallio balls attached to rods, 
which slide in air-tight collars in the covers of the recover hV \ 

It is observed that llie aigrettes formed by the negative fluid are 
never as long or as divergent as those formed by the positive floidi 
an effect which is worthy of attention as indicating a distinctive 
character of the two fluids. 

1818. Exipcnmenial imiiation of the auroroi ^]^A&— -This ]Ae- 
nomenon may be exhibited in a still more remarkable maimer by 
using, instead of the receiver h h\ a glass tube two or three iadies 
in diameter, and about thirty inches in length. In this ease a pemted 
wire being fixed to the interior of each of the cq)s, one is screwed 
upon the plate of the air-pump, while the external knob of the other 
is connected by a metallic chain with the prime conductor of the 
electrical machine. When the machine is worked in the dark, a suc- 
cession of luminous phenomena will be produced in the tube, which 
bear so close a resemblance to the aurora borealis as to suggest the 
most probable origin of that meteor. When the exhaustion of the 
tube is nearly peifect, the whole length of the tube will exhibit a 
violet red light. « If a small quantity of air be admitted, luminous 
flashes will be seen to issue from the two points attached to the caps. 
As more and more air is admitted, the flashes of light which glide 
in a serpentine form down the interior of the tube will become more 
thin and white, until at last the electricity will cease to be difi^sed 
through the column of air, and will appear as a glimmering light at 
the two points. 

1819. Pho«phorescerU effect of the »park, — The electrie vptA 
leaves upon certain imperfect conductors a trace which continuea to 
be luminous for several seconds, and sometimes even so long, aa a 
minute after the discharge of the spark. The colour of tiiis ^Moies 
of phosphcoescence varies with the substances on whldi it b piro- 
duced. Thus white chalk produces an orange light. With rocdc 
crystal the light first red turns afterwards white. Sulphate <tf baryta, 
amber, and loaf sugar render the light green, and calcined oyster- 
shell gives all the prismatic colours. 

1820. Leichtenberg' 8 figures, — The spark in many cases produces 
effects which not only confirm the hypothesis of two fluids, but indi- 
cate a specific difference between them. One of these has been 
already noticed. The experiment known as Leichtenberg's figures 
presents another example of this. Let two Leyden jars hd charged, 
one with positive, the other with negative electricity ; and let sparks 
be given by their knobs to the smooth and well-dried surface of a 
cake of resin. Let the surface of the resin be then slightly sprinkled 
with powder of Semen lycopodii, or fiowers of sulphur, and let the 
powder thus sprinkled be blown off. A part will remain attached 
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to the spots wbere the electric sparks were imparted. At the spot 
which received the positive spark, the adhering powder will have the 
form of a radiating star ; and at the point of the negative spark it 
will have that of a roundish clouded spot. 

1821. Experiments indicating specific differences heticeen the two 
fluids, — If lines and figures be traced in like manner on the cake of 
resin, some with the positive and some with the negative knob, and 
a powder formed of a mixture of sulphur and minium be first 
sprinkled over the cake and then blown off, the adhering powder 
will mark the traces of the two fluids imparted by the knobs, the 
traces of the positive fluid being yellow, and those of the negative 
red. In this case the sulphur is attracted by the positive electricity, 
and is therefore itself negative ) and the minium by the-ncgative elec- 
tricity, and is therefore itself positive. The mechanical effects of the 
two fluids are also different, the sulphur powder being arranged in 
divergent lines, and the minium in more rounded and even traces. 

Let two Leyden jars, one charged with positive and the other with 
negative electricity, be placed upon a plate of glass coated at its 
under surface with tinfoil at a distance of six or eight inches asunder, 
and let the surface of the glass between them be sprinkled with semen 
lycopodii. Let the jars be then moved towards each other, and let 
their inner coatings be connected by a discharging rod applied to 
their knobs. A spark will pass between their outer coatings through 
the powder, which it will scatter on its passage. The path of the 

positive fluid will be distinguishable from that of 
the negative fluid, as before explained, by the pecu- 
liar arrangement of the powder ; and this difference 
will disappear near the point where the two fluids 
meet, where a large round speck is sometimes seen 
bounded by neither of the arrangements which 
characterize the respective fluids. 

1822. Electric light above the barometric 
column. — The electric light is developed in every 
form of elastic fluid and vapour when its density is 
very inconsiderable. A remarkable example of this 
is presented in the common barometer. When the 
mercurial column is agitated so as to oscillate in 
the tube, the space in the tube above the column 
becomes luminous, and is visibly so in the dark. 
This phenomenon is caused by the effect of the 
electricity developed by the friction of the mercury 
and the glass upon the atmosphere of mercurial 
vapour which fills the space above the column in 
the tube. 

1823. Cavendish's electric barometer. — The electric barometer of 
Cavendish, fig. 627., illustrates this in a striking manner. Two 

24* 
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28i2 ELECTRICITY. 

barometers are connected at the top by a curved tube; so that the 
spaces above the two columns communicate with each other. When 
the instrument is agitated so as to make the columns oscillate; electric 
light appears in the curved-tube. 

1824. Lumirums effects prodticed hy imperfect conductors, — The 
electric spark or charge transmitted by means of the universal dis* 
charger and Leyden jar or battery through various imperfect con- 
ductors, produces luminous effects which are amusing and instructive. 

Place a small melon, citron, apple, or any similar fruit on the 
stand of the discharger; arrange the wires so that their ends are not 
far asunder, and at the moment when the jar is discharged the fruit 
becomes transparent and luminous. One or more eggs may be 
treated in th6 same manner if a small wooden ledge be so contrived 
that their ends may just touch, and the spaik can be sent through 
them all. Send a charge through a lump of pipe-clay, a stick of 
brimstone, or a glass of water, or any coloured liquid, and the entire 
mass of the substance will for a short time be rendered luminous. 
As the phosphorescent appearance indaced is by no means powerful^ 
it will be necessary that these experiments should be performed in a 
dark room, and indeed the effect of the other luminous electrical phe- 
nomena will be heightened by darkening the room. 

1825. Attempt to explain electric light, — the thermal hypothesis, 
— No explanation of the physical cause of the electric spark, or of 
the luminous effects of electricity, has yet been proposed which has 
commanded general assent. It appears certain, for the reasons 
already stated, and from a great variety of phendhiena, that the elec- 
tric fluids themselves are not luminous. The light, therefore^ n^hich 
attends their motion must be attributed to the media, or the bodies 
through which or between which the fluids move. Since it is certain 
that the passage of the fluids through a medium developes heat in 
greater or less quantity in such medium, and since heat, when it 
attains a certain point, necessarily developes light, the most obvious 
explanation of the manifestation of light was to ascribe it to a mo- 
mentary and extreme elevation of temperature, by which that part of 
the medium, or the body traversed by the fluid, becomes incandescent. 

According to this hypothesis, the electric spark and the flash of 
lightning are nothing more than the particles of air, through which 
the electricity passes, rendered luminous by intense heat. There is 
nothing in this incompatible with physical analogies. Flame we 
know to be gas rendered luminous by the ardent heat developed in 
the chemical combinations of which combustion is the effect. 

1826. Hypothecs of decomposition and recomposition. — Accord- 
ing to another hypothesis, first advanced by Eitter and afterwards 
adopted by Berzelius, Oersted, and Sir H. Davy, the electric fluids 
have strictly speaking no motion of translation whatever, and never 
in fact desert the elementary molecules of matter of which; aocord- 
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ing to tbe spirit of this hypothesis, they form an essential part. 
Each molecule or atom composing a body is supposed to be primi- 
tively invested with an atmosphere of electric fluid, positive or nega- 
tive, as Ibe case may be, which never leaves it. Bodies are accord- 
ingly classed as electro-positive or electro-negative, according to the 
fluid attracted to their atoms. Those atoms which are positive 
attract so much negative fluid, and those which are negative so much 
positive fluid, as is sufficient to neutralize the forces of their proper 
electricities, and then the atoms are unelectrized and in their natmral 
state. 

When a body is charged with positive electricity, its atoms act by 
inductbn upon the atoms of adjacent bodies, and these upon the 
atoms next beyond them, and so on. The fluids in the series of 
atoms through which the electricity is supposed to pass, assumes a 
polar arrangement such as that represented in^. 528. 
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Fig. 628. 

The first atom of the series being surcharged with + electricity acts 
by induction on the second, and decomposes its natural electricity, 
the negative fluid being attracted to the side near the first atom, and 
the positive repelled to the side near the third atom. The same effect 
is produced by- atom 2 on atom 3, by atom 3 on atom 4, and so on. 
The surplus positive fluid on 1 then combines with and neutralizes 
the negative fluid on 2 ; and, in like manner, the positive fluid on 2 
combines with and neutralizes the negative fluid on 3, and so on until 
the last atom of the series is left surcharged with positive electricity. 

Such is the hypothesis of decomposition and recomposition which 
is at present in most general favour with the scientific world. 

The explanation which it affords of the electric spark and other 
luminous electric effects, may be said to consist in transferring the 
phenomenon to be explained from the bodies themselves to their com- 
ponent atoms, rather than in affording an explanation of the effect 
in question, inasmuch as the production of light between atom and 
atom by the alternate decomposition and recomposition of the elec- 
tricities stands in as much need of explanation as the phenomenon 
proposed. 

1827. Cracking noise attending electric spark, — The sound pro- 
duced by the electric discharge is obviously explained by the sudden 
displacement of the particles of the air, or other medium through 
which the electric fluid passes. 
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CHAP. XII. 

PHYSIOLOGICAL EPFECTS OF ELECTRICITY. 

1828. Electric shock ex'plained, — The material substances which 
enter into the composition of the bodies of animals are generally im- 
perfect conductors. When such a body, therefore, is placed in 
proximity with a conductor charged with electricity, its natural elec- 
tricity is decomposed, the fluid of a like name being repelled to the 
side more remote from, and the fluid of the contrary name being 
attracted to the side nearest to, the electrified body. If that body be 
very suddenly removed from or brought near to the animal body, 
the fluids of the latter will suddenly sufier a disturbance of their 
equilibrium, and will either rush towards each other to recombine, 
or be drawn from each other, being decomposed; and owing to the 
imperfection of the conducting power of the fluids and solids com- 
posing the body, the electricity in passing through it will produce a 
momentary derangement, as it does in passing through air, water, 
paper, or any other imperfect conductor. If this derangement do 
not exceed the power of the parts to recover their position and orga- 
nization, a convulsive sensation is felt, the violence of which is greater 
or less according to the force of electricity and the consequent 
derangement of the organs; but if it exceed this limit, a permanent 
injury, or even death, may ensue. 

1829. Secondary shock. — It will be apparent from this, that the 
nervous effect called the electric shock does not require that any elec- 
tricity be actually imparted to, abstracted from, or passed through the 
body. The momentary derangement of the natural electricity is 
sufficient to produce the effect with any degree of violence. 

The shock produced thus by induction, without transmitting elec- 
tricity through the body, is sometimes called the secondary shock. 

The physiological effects of electricity are extremely various, 
according to the quantity and intensity of the charge, and according 
to the part of the body affected by it, and according to the manner 
in which it is imparted. 

1830. Effect produced on the skin hy proximiti/ to an electrified 
Z>oc7y. — When the back of the hand is brought near to the glass 
cylinder of the machine, at the part where it passes from under the 
silk flap, and when therefore it is strongly charged with electricity, 
a peculiar sensation is felt on the skin, resembling that which would 
be produced by the contact of a cobweb. The hairs of the skin 
being negatively electrified by induction, are attracted and drawn 
against their roots with a slight force. 

1831. Effect of the sparks taken on the knuckle. — The effect of 
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tiie abock ixroduoed by a spark taken from the prime conductor bj 
the knuckle is confined to the hand ; but with a very powerful ma- 
diine, it will extend to the elbow. 

1882. Methods of limiting and regulating the shock by a jar, — 
The effects of the discharge«f a Leyden jar extend through the whole 
body. The shock may, however, be limited to any desired part or 
member* by placing two metallic plates connected with the two coat- 
ings of the jar on opposite ndes of the part through which it is de- 
sired to transmit the shogk. 

1838. JSffect of discharges of various force, — The violence of the 
shodc depends on the magnitude of the charge, and may be so in- 
tense as to prodnee permanent injury. The discharge of a single jar 
is sufficient to kill birds, and other smaller species of animals. The 
discharge of a moderate-sized battery will kill rabbits, and a battery 
of a dosen square feet of coated surface will kill a large animal, es- 
pecially if the shock be transmitted through the head. 

1884. Phenomena observed in the autopsis after death hy the 
shock, — When death ensues in such cases, no organic lesion or other 
injury or derangement has been discovered by the autopsis ; never- 
theless, the violence of the convulsions which are manifested when 
the charge is too feeble to destroy life^ indicates a nervous derange- 
ment as the cause of death. 

1885. Effects of a long succession of m>oderate discharges, — A 
succession of electric discharges of moderate intensity, transmitted 
through certain parts of the body, produce alternate contraction and 
relaxation of the nervous and muscular organs, by which the action 
of the vascular system is stimulated and the sources of animal heat 
exdted. 

1886. Effects upon a succession of patients receiving the same dis- 
charge.'— The eledzic discharge of a Leyden jar may be transmitted 
through a succession of persons placed hand in hand, the first com- 
monicatang with the intemd, and the last with the external coating 
of the jar. 

In this case, the persons placed at the middle of the series sustain 
a shodi:. less intense than those placed near either extremity, — another 
phenomenon which, favors the hypothesis of two fluids. 

1887. Remiorkable experiments of NbUetf Dr, Watson^ and others, 
— ^A shock has in this manner been sent through a regiment of sol- 
diers. At an eariy period in the progress of electrical discovery, M. 
Nollet transmitted a discharge through a series of 180 men ; and at 
the convent of Carthusians a chain of men being formed extending 
to the length of 5400 feet, by means of metallic wires extended be- 
tween eveiy two persons composing it, tlie whole series of persons 
was aieoted by the shock at the same instant. 

Sxperiments on the transmission of the shock were made in Lon- 
don brf Dr. Watson, in the presence of the Oouncil of the Boyal 
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Society, when a circuit was formed by a wire carried from one side 
of t£e Thames to the other over Westminster Bridge. One extremity 
of this wire communicated with the interior of a charged jar, the 
other was held by a person on the opposite bank of the river. This 
person held in his other hand an iron rod, which he dipped in the 
river. On the other side near the jar stood another person, holding 
in one hand a wire communicating with iihe exterior coating of the 
jar, and in the other hand an iron rod. This rod he dipped in the 
river, when instantly the shock was received by both persons, the 
electric fluid having passed over the bridge, through the body of the 
person on the other side, through the water across the river, through 
the rod held by the other person, and through his body to the ex- 
terior coating of the jar. Familiar as such a fact may now appear, 
it is impossible to convey an adequate idea of the amazement bor- 
dering on incredulity with which it was at that time witnessed. 



CHAP. XIII. 

CHEMICAL AND MAGNETIC EFFECTS OF ELECTRICITY. 

1838. Phenomena which supply the hasu of the electrochemical 
theory. — If an electric charge be transmitted through certain cdm- 
pound bodies they will be resolved into their constituents, one com- 
ponent always going in the direction of the positive, and the other 
of- the negative fluids. This class of phcnemena has supplied the 
basis of the electro-chemical hypothesis already briefly noticed (1826). 
The constituent which goes to the positive fluid is assumed to consist 
of atoms which are electrically negative, and that which goes to the 
negative fluid, as consisting of atoms electrically positive. 

1839. Faraday's experimental illustration of this, — This class 
of phenomena is more prominently developed by voltaic electricity, 
and will be more fully explained in the following Book. For the 
present it will therefore be suflficient to indicate an example of this 
species of depomposition by the electricity of the ordinary machine. 
The following experiment is due to Professor Faraday. 

Lay two pieces of tinfoil t t', Jig. 628. a, on a glass plate, one 
being connected with the prime conductor of the machine, and the 
other with the ground. Let two pieces of platinum wire p p', rest- 
ing on the tinfoil, be placed with their points on a drop of the solu- 
tion of the sulphate of copper c, or on a piece of bibulous paper 
wetted with sulphate of indigo in muriatic acid, or iodide of potaBsiam 
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in starch, or litmus paper wetted with a solution of common salt or 
of snlphate of soda, or upon turmeric paper containing sulphate of 
soda. 




Fig. 528 a. 

In all these cases the solutions are decomposed : in the first, the 
copper goes to the positive wire ; in the second the indigo is bleached 
by the chlorine discharged at the same wire ; in the third the iodine 
is liberated at the same wire ; in the fourth the litmus paper is red- 
dened by the acid evolved at the positive wire, and when muriatic is 
used, it is bleached by the chlorine evolved at the same wire ; and, 
in fine, in the fifth case, the turmeric paper is reddened by the alkali 
evolved at the negative wire. 

1840. Effect of an electric discharge on a magnetic needle, — 
When a stream of electricity passes over a steel needle or bar of iron, 
it produces a certain modification in its magnetic state. If the needle 
be in its natural state it is rendered magnetic. If it be already n)ag- 
netic its magnetism is modified, being augmented or diminished in 
intensity, according to certain conditions depending on the direction 
of the current and 'the position of the magnetic axis of the needle ; 
or it may have its magnetism destroyed, or even its polarity reversed. 

This class of phenomena, like the chemical efiects just mentioned, 
are, however, much more fully developed by voltaic electricity ; and 
we shall therefore reserve them to be explained in the following 
Book. Meanwhile, however, the following experiments will show 
how common electricity may develop them. 

1841. Experimental illustration of this. — Place a narrow strip 
of copper, about two inches in length, on the stage of the universal 
discharger, and over* it place a leaf of any insulating material, upon 
which place a sewing needle transversely to the strip of coppen 
Transmit several strong charges of electricity through the copper. 
The needle will then be found to be magnetized, the end lying on the 
right of the current of electricity being its north pole. 

If the same experiment be repeated, reversing the position of the 
needle, it will be demagnetized. But by repeating the electric dis- 
charges a greater number of times, it will be magnetized with the 
poles reversed. 
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CHAP. I. 

SIMPLE VOLTAIC COMBINATION. 



1842. Discovery ofgalvanum. — In tracing the progress of phjed- 
cal science, the greatest discoveries are frequently found to originatey 
not in the sagacity of observers, but in circumstances altc^gether 
fortuitous. One of the most remarkable examples of this is pre- 
sented by Voltaic Electricity. Spei&ing of the voltaic pile, Arago, 
in his Eloge de Yolta, says, that *^ this immortal discovery arose in 
the most immediate and direct manner, from an indisposition irith 
which a Bolognese lady was affected in 1790, for which her meifieal 
adviser prescribed frog-hrothJ* 

Galvani, the husband of the lady, was Professor of Anatomy in 
the University of Bologna. It happened that several frogs, prepared 
for cooking, lay upon the table of his laboratory, near to which his 
assistant was occupied with an electrical machine. On taking sparks 
from time to time from the conductor, the limbs of the frogs were 
affected with convulsive movements resembling vital action. 

This was the effect of the inductive action of the electricity of the 
conductor upon the highly electroscopic organs of the frogs; but 
Galvani was not sufficiently conversant with this branch of phymos to 
comprehend it, and consequaitly regarded it as a new phenomenon. 
He proceeded to submit the limbs of frogs to a course of experiments, 
with the view to ascertain the cause of what appeared to him so 
strange. For this purpose, he dissected several frogs, separating the 
legs, thighs, and lower part of the spinal column from the remainder, 
so as to lay bare the lumbar nerves. He then passed capper h«oks 
through that part of the dorsal column which remained above the 
jtinction of the thighs, without any scientific object, but merely for 
the convenience of suspending them until required for experiment. 
It chanced, also, that he suspended these copper hooks upon the iron 
bar of the balcony of his window, when, to his inexpressible aston- 
ishment, he found that whenever the wind or any other accidental 
cause brought the muscles of the leg into contact with the iron l^; 
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the limbs were aSeoted bj conTulBive movements Bimilar to thoso 
produced bj the epnrka taken from the coDdubtor of the electrio 

This fact, reproduced and generalized, supplied the fouadatioD of 
the theory of animal electrioity propounded by Galvani, and for a 
considerable time imiverBally accepted. In this theory it wus 
assumed, that in the animal economy there exiata a apecitic source of 
electricity; that at the juuction of the nerves and musclea this elec- 
tricity is decomposed, tbe positive fluid passing to the nerve, and the 
negative to the muscle; and that, consequently, the nerve and muscle 
ue in a State of relative electrical tension, aualugous to that of the 
internal and external coatings of a charged Luyden jar. When, 
under these cireumataoces, rods of metal z C,Jiij. 529., are applied, 
one to the nerve, and the other to the muscle, the oppobile eleeCri' 
dties rash towards each other along the conducting rods ; a discburge 
of the oerve and uinscle lubes place, like 
that of the Leydcn jur; aud this uio- 
tnentary derangement of tbe electrical 
condition of ihi; organ produces the con- 
vulsive uioveuient. 

Itj43. YoUa'i correction of Galvant'i 
theory. — Volta, tben Profesaor of Natu- 
ral Philosophy at Couio, and afterwai'ds 
at Pavia, repeating the experiments of 
Gtalvani, overturned bis theory hy T«- 
riouB ingenious experimental tests, one 
Fig. S2a. of which consisted in showing that tbe 

effects of the electric shock were equally 
prodnoed when both metallic rods were applied to the muscle, neither 
tonofaing the nerve. He contended that (ialvani, in taking the nerve 
■nd muscle to represent tbe coatings of tbe Leyden jar, and tbe 
metallic rods the discharging conductor, had precisely inverted tbe 
tuth, for that the rods represented the jar, and the nerve and muscle 
the conductor. " 

If the rods, as Galvani supposed, played the part of the metallic 
pondnctor, commnnicating between the opposite electricities imputed 
to tlie nerve and muscle, a single rod of one uniform metal would 
wrre tbis purpose, not only as well, but better than two rods of 
different metaU; whereaa, the presence of two different melalt in 
tOKtact, was esBential to the development of tbe phenomenon. 

In fine, Volta maintained, and ultimately proved, that the eleotri- 
citj decomposed, was not that of the nerve and muscle, but that of 
the metallic rods; that the seat of the decomposition was not tbe 
junction of the nerve and muscle, but tbe junction of tbe two metais; 
that the positive and oegutive fluids passed, not upon tbe nerve and 
uosele, but upon tbe iron and copper forming tbe rods flowing ia 
II. 25 
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opposite directions from their point of junction ; and that, ia fine, 
the nerve and muscle, or the latter alone, served merely Us the con- 
ductor by which the opposite electricities developed on the metals 
were recomposed, exactly as they would if placed between the~intemal 
and external coatings of a charged Leyden jar. 

1844. Theory of animal electricity exploded. — After a conflict 
of some years' duration, the animal electricity of Galvani fell before 
the irresistible force of the reasoning and experiments of Yolta, 
whose theory obtained general acceptation. This form of electrio 
agency has since been denominated indifferently, galyanism or 

VOLTAIC ELECTRICITY. 

1845. Contact hypothesis of Volta, — According to the hypothesis 
of Volta, now known as the contact theory, any two different 
metals, or, or, more generally, any two different bodies which are 
conductors of electricity, being placed in contact, a spontaneous 
decomposition of their natural electricity will be effected at their 
surface of contact, the positive fluid moving from such surface and 
diffusing itself over the one, and the negative moving in the contrary 
direction and diffusing itself over the other, the surface of contact 
constituting a neutral line separating the two fluids. 

1846. Electro-motive force. — This power of electric decomposition 
was called by Volta, electro-motive force. 

Different bodies placed in contact manifest different electro-motive 
forces, the energy of the electro-motive force being measured by the 
quantity of electricity decomposed. 

Its direction and intensity. — The electro-motive force acts on the 
two fluids in opposite directions, but it will be convenient to designate 
its direction by that of the positive fluid. 

To indicate, therefore, the electro-motive force developed when 
any two conductors are placed in contact, it is necessary to assign the 
energy and direction of such force, which is done by showing the 
inf<ensity of the electricity developed, and the conduct(»r towards 
which the positive fluid is directed. 

1847. Classification of bodies according to their eUctro-motiw 
property. — Although the results of experimental research are not 
in strict accordance on these points, the electric tensions produced 
by the mere contact of heterogeneous conductors being in general so 
feeble as to elude the usual clectroscopic tests, it has nevertheless 
been found, that bodies may be arranged so that any one placed in 
contact with another holding a lower place in the series, will receive 
the positive fluid, the lower receiving the negative fluid, and so that 
the electro-motive force of any two shall be greater the more distant 
they are from each other in the series. How far the results of expe- 
rimental researches are in accordance on these points, will be seen by 
comparing the following series of electromotors given by Volta, Pfaff, 
Henrici; and Peclet : — 
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Volta. 


?hS. 


Btnriel. 


Ptelet. 


Qno. 


Zinc 


Zinc. 


Zinc 


Lead. 


Lead. 


Lead. 


Lead. 


Tin. 


Cadmium. 


Tin. 


Tin. 


Iron. 


Tin. 


Antimony. 


Bismuth. 


Copper. 


Iron. 


Bismuth. 


Antimony. 


Silver. 


Bismuth. 


Iron. 


Iron. 


Graphite. 


Cobalt. 


Brass. 


Copper. 


Charcoal. 


Arsenic. 


Copper. 


Silver. 


Crystallized amber. 


Copper. 


Silver. 


Gold. 




Antimony. 


Mercury. 


Platinum. 




Platinum. 


Gold. 






Gold. 


Platinum. 






Mercury. 






« 


Silver. 








Charcoal. 







To which PfjEiff adds the following mineral substances in the order 
here given : Argentum vitreum (vitreous silver ore)^ sulphurous 
pyrites, cuprum mineralisatum pjritaceum (yellow copper ore); 
g^ena, crystallized tin^ niccolum sulphuratum arsenicum pyritaceum 
(arsenical mundick), molybdena, protoxide of uranium, oxide of tita^ 
ninm, graphite, wolfram (tungstate of iron and manganese), gypsum 
sUllktium^ crystallized amber, peroxide of lead (?) 

It is to be understood, that, according to the results of the experi- 
mental researches of the observers above named, the electro-motive 
force produced by the contact of any two of the bodies in the pre- 
ceding series will be directed from that which holds the lower to 
that which holds the higher place, and that the energy of such electro- 
motive force will be greater the more remote the one body is from 
the other in the series. 

1848. Relation of electro-motive force to susceptiMlity of oxida- 
tion, — The mere inspection of these several series will suggest the 
general conclusion, that the electro-motive force is directed from the 
less to the more oxidable body, and that the more the one exceeds 
the other in its susceptibility of oxidation, the more energetic will 
be the electro-motive force. Thus, a combination of zinc with plati- 
num produces more electro-motive energy than a combination of zinc 
with any of the more oxidable metals. 

If several electromotors of the series be placed in contact in any 
order, the total electro-motive force developed is found to be the same 
as if the first were immediately in contact with the last. The inter- 
mediate elements are therefore in this case inefficient. 

1849. Analogy of dectro-motive action to induction. — It appears, 
therefore, that when two pieces of different metals taken from the 
series of electromotors, such as zinc and copper for example, are 
brought into contact, an electric state is produced in their combined 
mass similar to that which would be produced by placing an insu* 
lated conductor charged with positive electricity near the copper side 
of the combination. The inductive action of such a condnctor would 
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decompose the natural electricity of the combined mass, attracting 
the negative fluid to the side near the conductor, that is, to the cop- 
per element, and repelling the positive fluid to the opposite side, that 
is, to the zinc element. But this is precisely the effect of the electro- 
motive force of the two metals as already described. 

Let z and c,///. 530., be cylinders of zinc and copper placed end 
to end. The former will, by the contact, be charged with positive, 

and the latter with negative electricity. Let 
the two cylinders, being insulated, be sepa- 
rated, and the other negatively electrified ; 
but in this case the intensity of the elec- 
tricity developed upon them will be so 
feeble, that it cannot be rendered manifest 
Fig. 630. ^^ ^^^ ^^ ^I^Q ordinary electroscopic tests. 

Let it, however, be imparted to the collecting plate of a powerful 
condensing electroscope, and, after the two cylinders z and are 
discharged, let them be again placed in contact. They will be again 
charged by their electro-motive action, and their charges may, as 
before, be imparted to the collecting plates of the electroscopes ; and 
this process may be repeated until the electricities of each kind accu- 
mulated in the plates of the electroscopes becomes sensible. 

1850. Ekctro-motive action of ga^es and liquids, — Several Ger- 
man philosophers have recently instituted elaborate experimental 
researches to determine the electro-motive action of liquids, and even 
of gases, on solids and on each other. The labours of Pfaff have 
been especially directed to this inquiry, and have enabled him to 
arrive at the following general conclusions respecting the electro- 
motive force developed by the contact of solid with liquid conductors. 

The electro-motive force produced by the contact of alkaline liquids 
with the metals, is generally directed from the metal to the liqnid, 
and its energy is greater the higher is the place held by the metal in 
the series of electromotors ^1847). Thus, tin, antimony, and zinc, 
in contact with caustic potasb, caustic soda^ or ammonia, have a^ more 
energetic action than platinum, bismuth, or silver. 

The electro-motive force of nitric acid in contact with a metal, is 
invariably directed from the acid to the metal. In this acid, iron 
and platinum are the most powerful, and zinc the most feeble elec- 
tromotors. 

Sulphuric and hydrochloric acid, in contact with those metals 
which stand at the head of the series (1847), develop a force directed 
from the metal to the acid, and in contact with those at the lowest 
part of the scries, produce a force directed from the acid to the metal. 
Thus, these acids in contact with the less oxidable metals, as gold, 
platinum, copper, give an electro-motive force directed from the acid 
to the metal ; but in contact with the more oxidable, as antimony, 
tin, or zinc, give a force directed from the metal to the acid. 
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When the metals are placed in contact with weak acid, or saline 
solutions generally, the electro-motive force is directed from the metal 
to the liquid, the energy of the force being in general greater the 
higher is the place of the metal in the series of electromotors ^1847). 
In the case of the metals holding the lowest places in the series, the 
electro-motive force is in some instances directed with feeble intensity 
from the liquid to the metal. 

1851. Differences of opinion as to the origin of electro-motive 
action. — Since the date of the discoveries of Volta to the present 
day, opinion has been divided in the scientific world as to the actual 
origin of that electrical excitation which is here expressed by the 
term electro-motive force, and which, as has been explained, Volta 
ascribed to the mere mechanical contact of heterogeneous conductors. 
Some have contended — and among them many of the most eminent 
recent discoverers in this branch of physics — that the real origin of 
the eleo6ro-motiye force is the chemical action which takes place 
between the solid and liquid conductors; and that, in the cases 
"where there is an apparent development of electricity by the contact 
of heterogeneous solid conductors, its real source has been the unper- 
ceived chemical action of moisture on the more oxidable electro- 
motor. Others, without disputing the efficacy of chemical action, 
maintain that it is a secondary agent, merely exciting the electro- 
motive energy of the solid conductors. Thus, Martens holds that 
liquids are not properly electromotors at all, but rather modify the 
electro-motive force of the metals in contact with them ; so that they 
may be considered as sometimes augmenting and sometimes diminish- 
ing the effect of the two metals. It is admitted by the partisans of 
the theory of contact, that the liquids which most powerfully influ- 
ence the electro-motive force of the solids are those which act chemi- 
cally on them with greatest energy. But it is contended, that liquids 
which produce no chemical change on the metal with which they are 
in contact, do nevertheless affect its electro-motive action. 

It fortunately happens, that this polemic can produce no obstacle 
to the progress of discovery, nor can it affect the certitude of the 
general conclusions which have been based upon observed facts; 
while, on the other hand, the spirit of the opposition arising from 
the conflicting theories, has led to experimental results of the highest 
importance. 

Whatever, therefore, be the origin of the electricity developed 
under the circumstances which have been described, we shall con- 
tinue to designate it by the term electro-motive force, by which it 
was first denominated by its illustrious discoverer; and we shall 
invariably designate as the direction of this force that which the 
positive fluid takes in passing from one element to another in the 
voltaic combination. 

1852. Polar arrangement of the fluids in all electro-motive onm- 

25* 
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hinatians. — In every voltaic combination, therefore, the effect of 
the electro-motive force is a polar arrangement of the decomposed 
fluids; the positive fluid being driven towards that extremity of the 
system to which the electro-motive force is directed, and the negative 
fluid retiring towards the other extremity. 

1853. Positive and negative poles, — These extremities are there* 
fore denominated the poles of the system ; that towards which the 
electro-motive force is directed, and where the positive fluid is col- 
lected, being the positive, and the other the negative pole. 

1854. Etectro-motive effect of a liquid interposed between two 
solid conductors. — When a liquid conductor is placed in contact 
with and between two solid conductors, an electrical condition is 
induced, the nature of which will be determined by the quantities 
and direction of the electro-motive forces developed at the two sur- 
faces of contact. The several varieties of condition presented by 

XLch a voltaic .arrangement are represented in^. 531. to^. 536. 



+ 







Fig. 531. 
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Fig. 536. 



Let z and o represent the solid, and l the liquid conductors ; and 
let the arrows directed from the two surfaces of contact represent 
in each case the direction of the electro-motive forces. 

If the electro-motive forces be both directed to the same pole, as 
in Jigs. 531., 532., that pole receiving all the positive fluid trans- 
mitted by the conductors will be the positive pole, and the other, 
receiving all the negative fluid transmitted, will be the negative 
pole. 

The quantity of electricity with which each pole will be charged, 
^\\ be the sum of the quantities developed by the electro-motive 
forces at the two surfaces, diminished by the sum of the quantities 
intercepted by reason of the imperfect conducting power of the liquid 
and solids, and by reason of the quantity intercepted in passing from 
the liquid to the solid conductors at their oommpn surface. 

f f the electro-motive forces be directed to .opposit0 poles, that pole 
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to which the more energetic is directed will be the positive pole. 
The yarieties of conditions presented by this case are represented in 
fig%. 533^ 534., 535., and 536. Each pole in these cases receives 
positive fluid from one surface, and negative from the other. That- 
to which the more energetic electro-motive force is directed receives 
more positive than negative fluid, and is therefore charged with posi- 
tive fluid equal to their difference, and is, consequently, the positive 
pole. The other receives more negative than positive fluid, and is, 
consequently, the negative pi^e. 

In the case represented Th Jig, 533., the electro-motive force be- 
tween z and L is the more energetic. A greater quantity of positive 
fluid is received by o from the surface z l than of negative fluid from 
the surfiice o l, and the surplus of the former above the latter con- 
stitutes the free electricity of the positive pole c. In like manner, 
the quantity of negative fluid received by the pole z from the surface 
Z L predominates over the quantity of positive fluid received from the 
surface L, and the surplus of the former over the latter constitutes 
the free electricity of the negative pole z. 

The like reasoning, mutatis mutandis, will be applicable to Jigs. 
534., 536., in which the electro-motive force between z and l is the 
more energetic, and to Jig. 535., in which the electro-motive force 
between O and L is the more energetic. 

In all these cases, the quantity of electricity with which the poles 
are charged is the difference between the actual quantities developed 
by the two electro-motive forces, diminished by the difference between 
the quantities intercepted by the imperfection of the conduction of the 
liquid and solid, and in passing through the surface which separates 
the liquid and solid conductors. 

1855. Electro-motive action of two liquids between two solids. — 
The quantity of electricity developed may be augmented by placing 
different liquid conductors in contact with the two solid conductors. 
In this case, however, it is necessary to provide some expedient by 
which the two liquids, without being allowed to intermingle, may 
nevertheless be in contact, so that the electricities transmitted from 
the electro-motive surfaces may pass freely from the one liquid to the 

other. This may be accomplished by sepa- 
rating the liquids by a diaphragm or parti- 
tion composed of some porous material, 
which is capable of imbibing the liquids, 
without being sufficiently open in its texture 
to allow the liquids to 'pass in any conside- 
rable quantity through it. A partition of 
unglazed porcelain is found to answer this 
purpose perfectly. Such an arrangement is represented in Jig. 537., 
where Z and O are the solid electromotors, l and if the two liquids, 
and P the porons partition separating them. 




Fig. 537. 
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1856. Practical examples of such comhinoHons, — ^As a practical 
example of the application of these principles, let the liquid L, Jiff. 
531., be concentrated sulphuric acid placed between a plate of zinc z, 
and a plate of copper c. In this case the electro-motive force is di- 
rected from z to L, and from L to c ^ and, consequently, the tension 
of the negative electricity on z, and the positive electricity on 0, will 
be the sum of the tensions transmitted from the two sur&ces^ and z 
will be the negative, and c the positive pole (1854). 

If the' liquid be a dilute solution of acid or salt, or a strong alka- 
line liquid, the electro-motive forces are both (Erected from the 
metal to the liquid, but that of the zinc is more energetic than that 
of the copper; consequently z, Jig, 533., will in this case be the 
negative, and c the positive pole, the energy of the combination 
being proportional to the difference of the two electro-motive 
forces. 

If the liquid be concentrated nitric acid, the electro-motive forces 
will be both directed from the liquid to the metals. In this case 
the zinc z, Jig. 535., being the more feeble electromotor, the 
copper element c will be the positive, and the zinc z the negative 
pole. 

If two different liquids be interposed between plates of the same 
metal, the conditions which affect the development of electricity may 
be determined by similar reasoning. 

If z and c. Jig. 537., be two plates of the same metal, and L and 
l' be two liquids, between which and the metal there are unequal 
electro-motive forces, the effect of such an arrangement will be a 
polar development, the positive pole being that to which the electro- 
motive forces are directed if they have a common direction, and that 
of the more energetic if they act in opposite directions. The inten- 
sity of the charge at the poles will be in the one case the sum, and 
in the other the difference of the quantities of fluid transmitted. 

As a practical example of the application of this principle, let the 
metals z and c be both platinum, and let l be an alkaline solution, 
and jJ concentrated nitric acid. In this case the electro-motive ibrce^ 
will be directed from z to l, and from l' to c, and the effect of the 
arrangement will be similar to that represented in Jig. 531. 

1857. Most powerfitl combinations determined. — The most pow- 
erful voltaic arrangements are produced by taking two metals from 
the extremes of the electro-motive series (1847), and interposing 
between them two liquids, the electro-motive force of one being 
directed from the metal to the liquid, and of the other from the liquid 
to the metal, and so selecting the liquids, subject to this latter condi- 
tion, as to have the greatest possible electro-motive action on the 
respective metals. 

Observing these principles, voltaic combinations of extraordinary 
power have been produced by interposing dilute sulphuric L, Jig, 
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587.y and conoentrated nitrio acid ily between zino z, and carbon or 
platinnm c. In^uch a combination^ strong electro-motive forces are 
developed, directed from the zinc to the acids, and from the acids to 
the carbon or platinum. The zinc is therefore the negative, and the 
carbon or platinum the positive pole of the system. 

1858. Form, of dectro-motive combination, — We have selected 
the form of parallel plates or columns, which has been supposed in 
the arrangements here described, merely because of the clearness and 
simplicity which it gives to the exposition of the principles upon 
which all voltaic combinations act. This form, although it was that 
of the earliest voltaic systems, and is still in some cases adhered to, 
is neither essential to the principle of such arrangements, nor conve- 
nient where the development of great force is required. In order to 
obtain as great an extent of electro-motive surface in as small a 
volume as is practicable, the form of hollow cylinders of varying 
diameters, placMsd concentrically in cylindrical vessels a little larger, 
and containing the exciting liquid, is now generally preferred. 

1859. Yolfa's first combination. — The simple arrangements first 
adopted by Yolta consisted of two equal discs of metal, one of zinc, 
and the other of copper or silver, with a disc of cloth or bibulous 
card, soaked in an acid or saline solution, between them. These 
^ere usually laid, with their surfaces horizontal, one upon the 
other. i - 

1860. Wolkuton's combination. — The late Dr. WoUaston pro- 
posed an arrangement, in which the copper plate was bent into two 
parallel plates, a space between them being left for the insertion of 
the zinc plate, the contact of the plates being prevented by the 
interposition of bits of cork or other non-conductor. The system 
thus combined was immersed in dilute acid contained in a porcelain 
vesseL 

1861. Harems spiral arrav^ement. — This consists of two metallic 
plates, one of zinc and the other of copper, of equal length, rolled 
together into the form of a spiral, a space of a quarter of an inch 
being left between them. They are maintained parallel without 
touching, by means of a wooden cross at top and bottom, in which '' 
notches ^are provided at proper distances, into which the plates are 
inserted) the two crosses having a common axis. This combination 
is let into a glass or porcelain cylindrical vessel of corresponding 
magnitude, containing the excitiog liquid. 

. This arrangement has the great advantage of providing a very con- 
siderable electro-motive surface with a very small volume. 

The exciting liquid recommended for these batteries when great 
power is desired, is a solution in water of 2} per cent, of sulphuric, 
and 2 per cent of nitric acid. A less intense but more durable 
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flustion may be obtained by a solution of common nslty or of 3 io 5 
per cent, of sulphuric acid only. 

1862. Amalgamation of the zinc, — ^Whatever be the form of the 
arraDgement^ its force and uniformity of action will be promoted by 
amalgamating the zinc element^ which may be best accomplished in 
the following manner. 

Immerse the rough plate or cylinder of zinc in a solution of sul- 
phuric acid containing from 12 to 16 per cent, of acid, until the thin 
film of oxyde which usually collects on the surface of the metal be 
dissolved. Then wash it well in water, and immerse it in a dilute 
solution of the nitrate of mercury. After a short time a perfectly 
uniform amalgam will be formed on the surface of the zinc. Let 
the zinc be then washed in water -and rubbed dry with saw-dust. - 

1863. Ci/lindrical comJ>ination toith one fluid. — ^Voltaic systems 
of the cylindrical form usually consist of two hollow cylinders of 
different metals, one of which, however, is always zinc. The exciting 
liquid being placed in a cylindrical vessel a littie longer than the 
greater of the two hollow metallic.cylinders, these are immersed in 
it concentrically with it and with each other. A part of each pro- 
jecting from the top of the vessel becomes the pole of the system. 

Such a combination is represented in vertical section in^. 538.| 
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Fig. 539. 



where v v is a vessel of glazea porcelain, containing the acid or 
saline solution, z z is a hollow cylinder of zinc, and c c a similar 
hollow cylinder of copper, each being open at both ends, and sepa* 
rated from each other by a space of a quarter to half an inch. Strips 
of metal c p and z N represent the poles, that connected with the 
zinc being the negative, and that connected with the copper being 
the positive pole. 

In some cases the porcelain vessel v v is dispensed with, and the 
acid solution is placed in a cylindrical copper vessel, in which the 
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Fig. 540. 



hollow cylinder of xino is immersed, resting upon some noB-condnci- 
ing support. 8uoh an arrangement is represented injf?^. 539., in 
vertical seotion, o being the copper vessel; z z the zinc cylinder; and 
p and N the poles. 

1864. Cylindrical condyinaticms with two fluids. — Cylindrical 

arrrangements with two exciting 
liquids are made in the foUowinff 
manner. The hollow cylinder of 
zinc ZZ; open at both ends as 
already described, is placed in a 
vessel of glazed porcelain v V, 
fig. 540. Within this is placed 
a cylindrical vessel vvj of uo- 
glazed porcelain, a little less in 
diameter than the zinc z Z, so 
that a space of about a quarter 
of an inch may separate their sur- 
faces. In this vessel vv, is in- 
serted a cylinder c c of platinum, 
open at the ends, and a little less 
than vv, so that their surfaces 
may be about a quarter of an inch asunder. Dilute sulphuric acid 
is then poured into the vessel y y, and concentrated nitric acid into 
t? t;. According to what has been alreadv explained (1857), P pro- 
ceeding from the platinum will then be the positive^ and N proceed- 
ing from the zinc the negative pole. 

1865. Ghrove^s hatteri/.—T\nB arrangement is known as GROyE's 
BATTERY. Yarious modifications have been suggested with the view 
to increase the electro-motive surface of the platinum and economize 
expense. Griiel suggests the use of thin platinum, attached by pla- 
tinum wires to a central axis, from which from 4 to 6 leaves or flaps 
diverge. Poggendorf proposes a single leaf of platinum, greater in 
breadth than the diameter of the vessel t; i; in the ratio of about 3 
to 2, and bent into the form of an S, so as to pass freely into it. 
Pfaff proposes to coat the inner surface of the vessel vv with leaf 
platinum. Peschel affirms^ after having tried this expedient, that it 
is less effective than the former. 

In these systems it is recommended to use a solution of sulphuric 
acid containing from 10 to 25 per cent, of acid, and nitric acid of 
the specific gravity of 1*38. 

1866. Biins€n*8 hatf^ry, — The voltaic system known as Bunsen's, 
is similar to the preceding, substituting charcoal for platinum. The 
charcoal cylinder used for this purpose, is made from the residuum 
taken fh)m the retorts of gas-works. A strong porous mass is pro- 
duced by repeatedly baking the pulverized coke, to which the re- 
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Fig. 541. 



quired fonn is easily imparted. Messrs. Deleoil and Son, of Parisi 
have fabricated batteries on this principle with great suooesB. I have 
one at present in use consisting of fifty pairs of zinc and carbon 
cylinders^ the zinc being 2^ inches diameter^ and 8 inches high, which 
performs very satisfactorily. 

The electro-motive forces of Grove's and Bunsen's batteries are 
considered to be, ceteris paribus, equal. 

1867. Daniel's constant battery, — The vol- 
taic arrangement known as Daniel's constant 
battery consists of a copper cylindrical vessel 
cOjfig, 541., widening near the top ad. In 
this is placed a cylindrical vessel of unglazed 
porcelain p. In this latter is placed the hollow 
cylinder of zinc z, already described. The 
space between the copper and porcelain vessels 
is filled with a saturated solution of the sul- 
phate of copper, which is maintained in a state 
of saturation by crystals of the salt placed in 
the wide cup abed, in the bottom of which is a grating composed 
of wire carried in a zigzag direction between two concentric rings, as 
represented in plan at G. The vessel p, containing the zinc, is filled 

with a solution of sulphuric acid, contain- 

7* ing from 10 to 25 per^sent. of acid when 

' ^w greater electro-motive power is required, 

y ] and from 1 to 4 per cent, when more mode- 

• ^ rate action is sufficient. 

1868. JFbuiUefs modijuxition o/DanteTs 
battery. — The following modification of 
Daniel's system was adopted by M. Pouillet 
in his experimental researches. A hollow 
cylinder a, Jig. 542., of thin copper, is 
ballasted with sand b, having a flat bottom 
c, and a conical top d. Above this cone 
the sides of the copper cylinders are con- 
tinued, and terminate in a flange e. Be- 
tween this flange and the base of the cone, 
and near the base, is a ring of holes. This 
copper vessel is placed in a bladder which 
fits loosely like a glove, and is tied round the neck under the flange 
e. The saturated solution of the sulphate of copper is poured into 
the cup above the cone, and, flowing through the ring of holes, fills 
the space between the bladder and the copper vessel. It is main- 
tained in its state of saturation by crystals of the salt deposited in 
the cup. 

This copper vessel is then immersed in a vessel of glazed porcelain 
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i, ooDtaiDing a solotion of the Hulphate of ima or the chloride of 
sodium (commoD sbU). A hollow cylinder of ddc h, split down the 
nde BO as to be capable of being enlarged or cootracted at pleasure, 
IB immersed in this solution surrounding the bladder. The poles are 
indicated by the conductors p and n, the positive proceeding fiom the 
oopper, and the negative from the zinc. 

M. Fonillet states that the action of this apparatus is sustained 
without sensible vuiation for entire days, provided the cup above the 
eone d is kept supplied with the salt, so as to maintain the solution 
in tii&BatDnted st*te. 

1869. Advantage* and disadnatitagu of Otete teveral ^tletm. — 
The chief advantage of Daniel's sjstem is that from which it takes 
its name, its conttaniy. Its power, however, in its most efficient 
state, is greatly inferior to that of the corboa or platinum systems of 
Bnnsen and Qrove. A serious practical inconveuicuce, however, 
attends all batteries in whbh concentrated nitric acid is used, owing 
to die difiiiuon of nitrous vapour, and the injury to which the parties 
working them are exposed by respiring it. In niy own ezperimenta 
widi Hansen's batteries the assistants have been often severely 
affected. 

In the use of the platinum battery of &rove, the nuisance pro- 
dnoed by the evolution of nitrous vapour is sometimes mitigated by 
enoioung the cells in a box, from the lid of which a tnbe proceeds 
which oonduote these vapours out of the room. 

In oombinations of this kind, Dr. O'ShsugnesBy substituted gold 
for platinQm, and a mixture of two parts by weight of sulphuric acid 
to wte of saltpetre for nitric acid. 

1870. Smew's iatlery. — The voltaic combina- 
tion called Smee'h battebt, consists of a porce- 
lain vessel A,fief. 543, containing an acid solution, 
which may be about 15 per cent, of sulpburio 
acid in water. A plate of iron or silver s, whose 
Bur&ces are platinized by a certain chemical pro- 
_ oesB, is suspended from a bar of wood a, between 
^ two plates of zinc z, suspended from the same bar 
~ without contact with the plate B. The electro- 
motive action is explained on the same principle 
as the combinations already described. Mr. Smee 
claims, as an advantage for this system, its great 
simplicity and power, the quantity of electricity 
Rf, 64S. evolved beiog, ceteris paribut, very great, and the 
manipulation easy. 

1871. WhecUUotie't tyilem. — Professor Wheatatone has proposed 
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the oombioBtion repreiented in fig. 544. A 
cylndrical vessel v v, of uDgluccI ood balf-baked 
red earthenware, is placed in another V V larger 
one of elased porcelain or glass. The vessel 
V V 13 filled with a pasty amalgam of zino, and 
the space between the two vessels la filled with 
a saturated solution of snlphate of CQpper. In 
the latter solution is immersed a thin cylinder 
of copper cc. A rod or wire of copper n is 
plunged in the amalgam. The electro~motive 
forces of this syatfim are directed from the amal- 
Flf. BU. gam to the copper solution ; so that P proceeding 

from the copper cylinder is the positive, and n 
proceeding from the amalgam, is the negative pole. 

The action of this system is said to be constant, like that of Daniel, 
BO longat least as the vessel uv^lowa equally 
~ free passage to the two fluids, and the .state 
of saturation of the copper solalioa is main- 
tained. 

1872. Bagration'i i^item. — A voltaic ar- 
rangement suggested by the Prince Bagra- 
tion, and said to be well adapted to galvano- 
plastic purposes, qpnsistB of parallel hollow 
cylidders, _;ij. 545., of Bine and copper, im- 
mersed in sand contained in a poroelain ves- 
sel. The sand is kept wet by a solution of 
hydrochlorate of ammonia. 
F^. 546. 1873. BecgwreVi sff*tem. — M. Becquerel 

has applied the principle of two fluids and a 
lingle metal, explained in (1856) in the following manner : — 
A porcelain vessel v,Jig. 546,, contains concentrated nitrio acid. 
A glass cylinder T, to which is attached a bottom of 
nnglazed porcelain, is immersed in it. This cylinder 
contuns a solution of common salt. Two platea 
of platinum are immersed, one in the nitric acid, 
r and the other ia the solution of salt. The electro- 
e forces take eSfect, the conduction being main- 
tained through the porous bottom of the glass vesael 
T, the positive pole being that which prooeeda from 
llie nitric acid, and the negative that which pro- 
ceeds from the salt. 

1874. Schmbein' i modyUation. of Bunien' t hat- 

tery. — M. Schonbcin proposes the following tnodi- 

flcatiou of Hunsen's syatem. In a vessel of casUiron 

Fig. ais. rendered passive, be places a mixture of three parts 
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of ooQoeiitnted nitrio with one c€ salphnric acid. In this he im- 
merses the cylindrical vessel of nnglazed porcelain which contains 
the xino, immersed in a weak solution of sulphuric acid. In this 
arrangement the cast-iron vessel plays the part of Bunsen's cylinder 
of charcoal. The positive pole is therefore that which proceeds from 

the cast-iron vessel, and the negative that which is 
is connected with the zinc. 

1875. Grovels gas electro-motive apparatus, — 
We shall conclude this synopsis of the simple vol- 
taic combinations with the gas electro-motive appa- 
ratus of Mr. Grove^ one of the most curious and 
interesting that has been contrived. Two glass 
tubes h and o,fig. 547., are inverted in a vessel 
containing water slightly acidulated with sulphuric 
acid. Hydrogen gas h is admitted into one of these, 
and oxygen o into the other in the usual way. A 
narrow strip of platinum passes at the top of each 
tube through an aperture which is hermetically 
Fig. 547. closed around it, the strip descending near to the 
bottoms of the tubes. An electro-motive force is 
developed between the platinum and the gases, which is directed 
from the platinum and the oxygen, and from the hydrogen to the 
platinum. The end of the platinum which issues from the hydrogen 
18 therefore the positive, and that which issues firom the oxygen the 
negative, pole of the system. 
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CHAP. n. 

VOLTAIO BATTERIES. 

1876. Yolta's invention of the pile, — Whatever may be the effi- 
cacy of simple combinations of electromotors compared one with 
another, the electricity developed even by the most energetic among 
them is still incomparably more feeble than that which proceeds from 
other agencies, and indeed so feehle that without some expedient by 
which its power can be augmented in a very high ratio, it would pos- 
sess very little importance as a physical agent. Volta was not slow 
to perceive this ; but having also a clear foresight of the importance 
of the consequences that must result from it if its energy could be 
increased, he devoted all the powers of his invention to discover an 
expedient by which this object could be attained, and happily not 
without success. 

Efe oonceived the idea of uniting together in a oonneoted and con- 
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tinnoas series, a number of simple eleetro-motive eomlmEwtimis, hi 
sach a manner that the positive electricity developed bj each should 
flow towards one end of the series, and the negative towards the other 
end. In this way he proposed to multiply the power of ^e exkeme 
elements of the series by charging them with all the electricity de* 
veloped by the intermediate elements. 

In the first attempt to realize this conception, circular discs of 
silver and copper of equal magnitude (silver and copper coin served 
the purpose), were laid one over the other, having interposed between 
them equal discs of cloth or pasteboard soaked in an acid or saline 
solution. A pile was thus formed which was denominated a vol- 
taic PILE ; and although this arrangement was speedily superseded 
by others found more convenient, the original name was retained. 

Such arrangements are still called voltaic piles, and sometimes 
VOLTAIC batteries, being related to a simple voltaic combination 
in the same manner as a Leyden battery is to a Leyden jar. 

1877. Explanation of the principle of, the pile, — To explain the 
principle of th& voltaic battery, let us suppose several simple voltaic 
combinations, z'l*c*, zVc', zVc*, z*lV, Jig, 648., to be placed, so 
that the negative poles z shall all look to the left, and the positive o 
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Fig. 548. 

to the right. Let the metallic plates c be extended/and bent into 
an arc, so as to be placed in contact with the plates z. Let the entire 
series be supposed to stand upon any insulating support, and let the 
negative pole z* of the first combination of the series be put in con- 
nection with the ground by a conductor. 

If we express by E the quantity of positive electricity developed 
by z'l'c', the negative fluid escaping by the conductor, this fluid e 
will pass to c', and from thence along the entire series to the ex- 
tremity G^. The combination z'l'c* acts in this case as the generator 
of electricity in the same manner as the cushion and cylinder of an 
electrical machine, and the remainder of the series z*L^, &c., plays 
the part of the conductor, receiving the charge of fluid from z'l*c*. 

The second combination z*l*c* being similar exactly to the first, 
evolves an equal quantity of electricity e, the negative fluid passing 
through z'l'c', and the conductor to the ground. The positive fluid 
passes from z'l'c^ to the succeeding combinations to the end of the 
series. 

In the same manner, each successive combination acts as a gene- 
rator of electricity, the negative fluid escaping to the ground bj the 
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preoeding oombinatioiis and the condactor, and the pofiitive fluid being 
diffused over the succeeding part of the series. 

It appears, therefore, that the conductor P connected with the last 
combination of the series must receive from each of the four combi- 
nations an equal charge £ of positive fluid ; so that the depth or 
quantity of electricity upon it will be four times that which it would 
receive from the single combination 2^L*& acting alone and uncon- 
nected with the remainder of the series. 

In general, therefore, the intensity of the electricity received by 
a conductor attached to the last element of the series will be as many 
times greater than that which it would receive from a single com- 
bination as there are combinations in the series. If the number of 
combinations composing the series be n, and E be the intensity of the 
electricity developed by a single combination, then n X e will be 
tl&e intensity of the electricity produced at the extremity of the 
series. ^ , 

It has been here supposed, that the extremity z* of the series is 
connected by the conductor N with the ground. If it be not so con- 
nected, and if the entire series be insulated, the distribution of the 
fluids developed will be different. In that case, the conductor p will 
receive the positive fluid propagated from each of the electro-motive 
surfaces to the right, and the conductor N will receive the negative 
fluid propagated from each of these surfaces to the left, and each will 
receive as many times more electricity than it would receive from a 
single combination as there are simple combinations in the series. If, 
therefore, e' express the quantity of fluid which each conductor p and 
N would receive from a single combination z' l' c', then nXE' will 
be the quantfty it would receive from a series consisting of n simple 
combinations. 

Since two different metals generally enter with a liquid into each 
combination, it has been usual to call these voltaic combinations paibs; 
so that a battery is said to consist of so many pairs. 

On the Continent these combinations are called elements ; and 
the voltaic pile is said to consist of so many elements, each element 
consisting of two metals and the interposing liquid. 

1878. IJffect of the imjper/ect liquid conductors. — In what precedes 
we have considered that all the electricity developed by each pair is 
propagated without resistance or diminution to the poles P and N of 
the pile. This, however, could only occur if the materials composing 
the pile through which the electricity must be transmitted were per- 
fect conductors. Now, although the metallic parts may be regarded 
as practically perfect conductors, the liquid through which the elec- 
tricity must be transmitted in passing from one mexallic element to 
another is not only an imperfect conductor, but one whose conduct- 
ing power is subject to coustaut variation. A correction would there* 
fore be necessary in applying the preceding reasoning, the electricity 

26* 
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received bj the poles P and N being less than n X £', bj that portion 
which is intercepted or lost in transmission through the liquid con- 
ductors. The amount of the resistance to conduction proceeding 
from the conductors, liquid and metallic, by which the electricity 
evolved at the generating surface is transmitted to the poles of the 
pile, has not been ascertained with any clearness or certainty. 

Professor Ohm, who has investigated the question of the resistance 
of the conductors composing a battery to the propagation of the elec- 
tricity through them, maintains that the intensity of the electricity 
transmitted to the poles of the pile is '' directly as the sum of the 
electro-motive forces, and inversely as the sum of all the impediments 
to conduction.'^ We do not find, however, that this law has been so 
developed and verified by observation and experiment as to entitle it 
to a place in elementary instruction. 

1879. Method of developing electricity in great qtmrUtiy. — ^If the 
object be to obtain a great quantity of electricity, the elements of the 
pile should be combined by connecting the poles of the same name 
with common conductors. Thus, if all the positive poles be connected 
by metallic wires with one conductor, and all the negative poles with 
another, these conductors will be charged with as much electricity as 
would be produced by a single combination, of which the generating 
surfaces would be equal to the sum of the generating surfaces of all 
the elements of the series ; but the intensity of the electricity thus 
developed would not be greater than that of the electricity developed 
by a single pair. 

1880. Distinction between quantity and intensity intportant, — It 
is of great importance to distingdish between the quantity and the 
intensity of the electricity evolved by the pile. The quantity de- 
pends on the magnitude of the sum of all the surfaces of the electro- 
meters. The intensity depends on the number of pairs composing 
the series. The quantity is measured merely by the actual quantity 
of each fluid received at the poles. The intensity is proportional, 
cseteris parihusy to the number of pairs transmitting electricity to the 
same pole, the fluids being superposed at the poles, and the intensity 
being produced by such superposition. 

Voltaic piles have been composed and constructed in a great variety 
of forms by combining together the various simple electromotive 
combinations which have been described in the last chapter. 

1881. Volta* s first pile. — ^The first pile constructed by Volta was 
formed as follows : — A disc of zinc was laid upon a plate of glass. 
Upon it was laid an equal disc of cloth or pasteboard soaked in acid- 
ulated water. Upon this was laid an equal disc of copper. Upon 
the copper were laid in the same order three discs of zinc, wet cloth, 
and copper, and the same superposition of the same combinations of 
zinc, cloth, and copper was continued until the pile was completed. 
The highest disc (of copper) was then the positive, and the lowest 
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^ diHC ^of fine) the necative pole, accorling to tlie 

^ priociplea already explaiaed. 

It was Qsua] to keep the discs in their places by 
oonfiniog them between rods of glass. 

Sucb a pile, nitb conducting wires connected 
with its poles, is represented in^. 549. 

1882. The couronne det taues. — The next ar- 
rangement proposed by Volta formed a step to- 
wards the form which the pile definitely assQmed, 
and is known under the nemo of the corBONNX 
DXB TABS£S (rinff of cups) : this is represented in 
J^. 550., and consists of a series of cups or glasses 
containing the acid solution. Bods of zinc and 
copper 2 c, soldered together end to end, are bent 
into the form of arcs, the ends being immersed in 



Fig. M». 




Fig. S50. 



two adjacent cnps, so that the metals may succeed each other in 
one oniform order. A plate of zinc, to which a conducting wire n 
is attached, is immersed in the first; and a similar plate of copper, 
with a wire p, in the last cup. The latter wire will be the positive, 
and the former the negative, pole. 

1883. CniikAa/ny» arrangement. — The nest form of voltaie pile 
proposed was that of Cruikshank, represented in Jiff. 551. This con- 
usted of a trough of glazed earthenware divided into parellel cells 
eorreepondlDg in number and magnitude to the pturs of zinc and 
Mpper plates which were Attached to a bar of wood, and so connected 
that, when immersed in the cells, each copper plate should be in 
oonnexioQ with the zinc plate of the next cell. The plates were 
esHly rused from the trough when the battery was not in use. The 
trongh oontttned the acid solution. 

1884. WoUaiion'g arrangemenL — In order to obtain within the 
Bune volnme a greater extent of electro- motive snrface, Dr. WoUaston 
doubled the copper plate round the zinc plate, without however al- 
lowing them to touch. In this case the copper plat«s have twice the 
magnitude of the zinc plates. The system, like tbe former, is at- 
tcohed to a bar of wood, and being similarly connected, are eidier let 
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dowD into a trough of euihenware divided into cells, u r^reunted 
in_^. 552., or into gepanite glase or porcelaia TOssels as represented 
in fig. 553. Tbc htter method bus the advantage of affording greater 
&i^itj iat discharging and renewing the acid ^ution. 




Fig. S53. 

1885. ffeltacalpik of Facalh/ of Sdimeet at PartM. — The heli- 
acal pile ia a voltaic arniDgement adapted to pro- 
duce electrititj of low lenaion in great qnantity. 
This pile, as constructed for the Faculty of Science« at 
Paris under the direction of JI. Pouiilet, consists of 
a cylinder of wood fi, fig. 554., of abont four inches 
diameter and fifteen inches long, on which is rolled 
spirally two thin Icavca of zinc and copper sepa- 
rated by small bits of cloth, and pieces of twine 
Fig. 661. eitended parallel tn each olhor, having a tbickiiess 
a little less than the cloth. A pair ia formed in 
this manner, having a surface of sixty square feet. A single combi- 
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utun of Qaa kind otoItm eleotridty in large qnsntit;, ud a battery 
eompoaed of ttrent; pairs ia an agent of prodigionB power. 

The method irf immerBing the combination in the 
add solution ie represented in fig. 555. 

1886. Files are formed by connecting together 
a nnmber of any of the simple electro-motive com- 
binations described in tbe last chapter, the condi- 
tions under which they are connected being always . 
the BBine, the positive pole of each combination be- 
ing put in metallic connexion with tbe negative 
pole of the succeediag one. When the oombina- 
tioDB are cylindrical, it is convenient to set tbem 
in a framing, which will prevent the accidental 
future or strain of tbe oonnesions. A battery 
ten pairs of Grove's or Bunsen's is repre- 
ited with its proper connexions in Jig. 556. 





1887> Oondvciort conriectifig the elemenlg. — Whatever be th« 
fiam or oonstraotion of the pile, its efficient perTormBiice requires 
that perfect metallio contaot should be made and maintained between 
the elements composing it by means of short and good conductors. 
Copper wire, or, stjll better, strips out from sheet copper from half 
an inch to an inch in breadth, are found the moat convenient niat«- 
ilal for these conductors, as well as for tbe conduotora which carry 
the eleotiicity from the poles of the pile to the objects to which it is 
to be conveyed. In some cases, these conducting wires or strips are 
soldered to metallio plates, which are immersed in the exciting liquid 
of the extreme elements <rf the pile, and which, therefore, become its 
'poles. In some oases, small mercurial cups are soldered Co the poles 
<f the pile, in which the points of tbe conducting wires, being first 
scraped, cleaned, and araatganiBted, are immersed. Many inconveni- 
ences, however, attend the use of quicksilver, and these cups have 
lately been very generally superseded by simple clamps constructed in 
a varie^ of forms, by means of which the conducting wires or strips 
may be fixed in metallic contact with the poles of the pile, with each 
other, « with any object to which tbe electricity b required to be 
Where great preoautioQ is ooosidered necessary to sccuro 
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perfeet contact; the extremities of the conductors at the pointa of 

connexion are sometimes ^It bj tiie electrotyping 
process; which may always be done at a trifling cost. 
I have not, however, in any case found this necessary, 
having always obtained perfect contact by keeping 
the surfaces clean, and using screw clamps of the 
form in jig, 557. This is represented in its proper 
magnitude. 

1888. Pile may he placed at any distance from 
Fig. 667. place of experiment, — It is generally found to be 
inconvenient in practice to keep the pile in the room where the expe- 
riments are made, the acid vapours being injurious in various ways, 
especially where nitric acid is used. It is therefore more expedient 
to place it in any situation where these vapours have easy means of 
escaping into the open air, and where metallic objects are not 
exposed to them. The situation of the pile may be at any desired 
distance from the place where the experiments are made, communi- 
cation with it being maintained by strips of sheet copper as above 
described, which may be carried along walls or passages, contact 
between them being made by doubling thenr together at the ends 
which are joined, and nailing the joints to the wall. They should 
of course be kept out of contact with any metallic object which might 
divert the electric current from its course. I have myself a large 
pile placed in an attic connected by these means with a lower room 
in the house, by strips of copper which measure about fifty yards. 

1889. Memorable piles : Davy*8 pile at the Royal Institution, — 
Among the apparatus of this class which have obtained celebrity in 
the history of physical science, may be mentioned the pile of 2000 
pairs of plates, each having a surface of 32 square inches, at the 
Royal Institution, with which Davy efifected the decomposition of 
the alkalies, and the pile of the Eoyal Society of nearly the same 
magnitude and power. 

1890. Napoleon's pile at Polytechnic School — In 1808, the 
Emperor Napoleon presented to the Polytechnic School at Paris a 
pile of 600 pairs of plates, having each a square foot of surface. It 
was with this apparatus that several of the most important researches 
of Gay Lussac and Th^nard were conducted. 

1891. Children's great plate battery, — Children's great plate 
battery consisted of 16 pairs of plates constructed by Wollaston's 
method, each plate measuring 6 feet in length and 2J feet in width, 
so that the copper surface of each amounted to 32 square feet; and 
when the whole was connected, there was an effective surface of 512 
square feet. 

1892. Hare's dejlagrator,— The pile of Dr. Hare of Philadel- 
phia, called a deflagrator, was constructed on the heliacal priadple^ 
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■nd ooDsisted of 80 pain, each zioo surface measuring 54 square 
inches, and each copper 80 square inches. 

1893. Stratingh* 9 defiagrator, — Stratingh's defiagrator consisted 
of 100 pairs on WoUaston's method. Each zinc surface measured 
200 square inches. It was used either as a battery of 100 pairs or 
as a single combination (1879), presenting a total electromotive sur- 
&oe of 277 square feet of zinc and 44 of copper. 

1894. Pepyi pile at London InttitiUion, — Mr. Pepys constructed 
an apparatus for the London Institution, each element of which 
consisted of a sheet of copper and one of zinc, measuring each fifty 
feet in length and two feet in width. These were wound round a 
rod of wood ?rith horsehair between them. Each bucket contained 
fifty-five gallons of the exciting liquid. 

1895. Powerful batteries on Daniel and Chrovf^s principles. — 
These and all similar apparatus, powerful as they have been, and 
memorable as the discoveries in physics are to which several of them 
have been instrumental, have fallen into disuse, except in certain 
eases, where powerful physiological efifects are to be produced ; since 
the invention of the piles of two liquids, which, with a number of 
elements not exceeding forty, and a surface not exceeding 100 square 
inches each, evblve a power equal to the most colossal of the appa- 
latns above described. 

The most efficient voltaic apparatus are formed by combining 
Daniel's, Grove's, or Bunsen's single batteries, connecting their 
opposite poles with strips of copper as already described. Grove's 
lottery, constructed by Jacobi of St. Petersburg, consists of 64 pla- 
tinum plates, each having a surface of 36 square inches ; so that 
their total surface amounts to 16 square feet. This is considered to 
be the most powerful voltaic apparatus ever constructed. According 
to Jacobi's estimate, its effect is equal to a Daniel's battery of 266 
square feet, or to a Hare's deflagrator of 5500 square feet. 

1896. Ihry piles, — The term dry pile was originally intended 
to express a voltaic pile composed exclusively of solid elements. 
The advantages of such an apparatus were so apparent, that attempts 
at its invention were made at an early stage in the progress of elec- 
trical science. In such a pile, neither evaporation nor chemical 
action taking place, the elements could suffer no change; and the 
quantity and intensity of the electricity evolved would be absolutely 
uniform and invariable, and its action would be perpetual. 

1897. Delttc'spile, — The first instrument of this clsfes constructed 
was the dry pile of Deluc, subsequently improved by Zamboni. 
This apparatus is prepared by soaking thick writing-paper in milk, 
honey or some analogous animal fluid, and attaching to its surface 
by gum a thin leaf of zinc or tin. The other side of the paper is 
coated with peroxide of manganese. Leaves of this are superposed, 
the Bides similarly coated being all presented in the same direction^ 
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and oircTiIar discs are cut of an inch diameter by a ciienlar cntter. 
Several thousands being kid over one another, are premed into a 
close and compact column by a screw, and the sides of the column 
are then thickly coated with gum-lac. 

The origin of the electromotive force of the pile is various. Be- 
sides the contact of heterogeneous substances, chemical action inter- 
venes in several ways. The organic matter acts upon &e zinc as 
well as upon the manganese, reducing the latter to a lower state of 
oxidation. 

1898. Zamhoni's pile, — Piles, having two elements only,-hav6 
been constructed by Zamboni. These consist of one metal and one 
intermediate conductor, either dry or moist. If the former, the 
discs are of silver paper laid with their metallic &ce& all looking the 
same way ; if the latter, a number of pieces of tinfml, with one end 
pointed and the other broad, are laid in two watch-glasses which con- 
tain water, in such a manner, that the pointed part lies in one ghw 
and the broad part in the other. After some time, they develope at 
their poles a feeble electricity, which they retain for several days, the 
metallic pole being positive in the dry pile, and the pointed end of 
the zinc in the moist one. 

1899. Piles of a single metal. — Piles of a single metal have been 
constructed by causing one surface to be exposed to a chemical 
action different from the other. This may be effected by rendering 
one surface smooth and the other rough. A pile of this kind has 
been made with sixty or eighty plates of zinc of four square inches 
surface. These are fixed in a wooden trough parallel to each other, 
their polished faces looking the same way, and an open space of the 
tenth to the twentieth of an inch being left between them, these 
spaces being merely occupied by atmospheric air. If one extremity 
of this apparatus be put in communication with the ground, the other 
pole will sensibly affect an electroscope. 

In this case, the electromotive action takes place between the air 
and the metal. 

1900. Ritter^s secondary piles, — The secondary piles, sometimes 
called Bitter's piles, consist of alternate layers of homogeneous 
metallic plates, between which some moist conducting substance b 
interposed. When they stand alone, no electro-motive force is 
developed ; but, if they be allowed to continue for a certain time in 
connexion with the poles of a battery, and then disconnected, posi- 
tive electricity will be found to be accumulated at that end which 
was connected with the positive pole, and negative electricity at the 
other end \ and this polar condition will continue for a certain time, 
which will be greater the less the electrical tension imparted. This 
phenomenon has not been satisfactorily explained, but would seem 
to arise from the low conducting power of the strata of liquid inter- 
posed between the plates. 
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1901. The voUatc current. — ^The voltaic pile differs from the elec- 
trical machine, inasmuch as it has the power of constantly reproducing 
whatever electricity may he drawn from it hy conductors placed in 
connexion with its poles, without any manipulation, or the interven- 
tion of any agency exter^sal to the pole itself. So prompt is the 
action of this generating power, that the positive and negative fluids 
puss from the respective poles through such conductors in a contin- 
uous and unvarying stream, as a liquid would move through pipes 
issuing from a reservoir. The pile may indeed be regarded as a 
reservoir of the electric fluids, with a provision by which it constantly 
replenishes itself. 

If two metallic ?rires be connected at one end with the poles p and 
N, Jig. 558., of the pile, and at the other with any conductor o, 
through which it is required to transmit the electricity evohred in 
ihe pile, the positive fluid will pass from p along the wire to o, and 
the negative fluid in like manner from n to o. The positive fluid 
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Fig. 658. 

will therefore form a stream or current from p through o to n, and 
the negative fluid a contrary current from n, through o to p. 

It might be expected tJ^at the combination of the two opposite 
fluids in equal quantity would reduce the wire to its natural state ; 
and this would, in fact, be the case, if the fluids were in repose upon 
the wire, which may be proved by detaching at the same moment 
the ends of the wires^from the poles p and n. The wires and the 
conductor o will, in that case, show no indication of electrical excite- 
ment. If the wire be detached only from the negative pole n, it will 
be found as well as the conductor o, to be charged with positive elec- 
tricity; and if it be detached from the positive pole p, they will be 
charged with negative electricity, the electi:icity in each case being 
in repose. But when both ends of the wire are in connexion with 
the poles P and n, the fluids, being in motion in contrary directions 

,n. 27 
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along the wire and intermediate conductors; impart to these qualities 
which show that they are not in the natural or unelectrified state, 
but which have nothing in common with the qualities which belong 
to bodies charged with the electric fluid in repose. Thus, the wire 
or conductor will neither attract nor repel pith balls, nor produce any 
electroscopic effects. They will, however, produce a great variety of 
other phenomena, which we shall presently notice. ^ 

The state of the electricities in thus passing between the poles of 
the piles through a metallic wire or other conductor exterior to the 
pile, is called a voltaic current. 

1902. Direction of the current. — Although, according to what 
has been stated, this current consists of two streams flowing in con- 
trary directions, it receives its denomiuation exclusively m)m the 
positive fluid ; and, accordingly, the direction op the current is 
always from the positive pole through the wire or other conductor to 
the negative pole. 

It is necessary, however, to observe, that in passing through the 
pile itself from element to element, it moves from the negative pole 
to the positive pole. The direction and course of the current is indi- 
cated in^. 558. by the arrows. 

1903. Poles of the pile, how distiriguished, — In designating the 
poles of the pile, much confusion and obscurity, and consequent 
difficulty to students, has arisen from identifying the poles of the 
pile, with the extreme plates of metal composing it. In the piles 
first constructed by Yolta, the last plate at the positive end was zinc, 
and the last at the negative end copper; and such an arrangement 
was often retained at more recent periods. Hence the positive pole 
was called the zinc pole, and the negative pole the copper pole. The 
extreme plates being afterwards dispensed with, the final plate at the 
positive end became copper/ and that at the negative end zinc ; and, 
consequently, the positive pole was then the copper pole, and tiie 
negative pole the zinc pole. 

This confusion, however, may be avoided, by observing that the 
poles, positive or negative, are not dependent on the plates or cylin- 
ders of metal with which the pole may terminate, but on the direc- 
tion of the electromotive forces of its elements. In general, in a 
pile composed of zinc and copper elements, the zinc plates of each 
pair all look towards the positive pole, and the copper plates towards 
the negative pole. It must, however, be observed, that, in the ordi- 
nary arrangement, one element of a pair is placed at each extremity 
of the pile, and constitutes its pole, the pair being only completed 
when the poles are unit^ by the conducting wire. Thus, the pole 
to which the copper elements look, terminates in a zinc plate in 
contact with the exciting liquid, but not with the adjacent copper 
plate ; and the pole to which the zinc plates look terminates in like 
manner with a copper plate in contact with the exciting liquid, but 
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not with the adjacent zinc plate. The single extreme .plates of 
zinc and copper thus forming the poles of the pile being connected 
by the conducting wire, form, in fact, a pair through which the cur- 
rent passes exactly as it passes through any other pair in the series. 

1904. Vokaic circuit, — When the poles are thus connected by 
the conducting wire, the Voltaic circuit is said to be complete, 
and the current continually flows, as well through the pile as through 
the conducting wire. In this state the pile constantly evolves elec- 
tricity at its electromotive surfaces, to feed and sustain the current ; 
but if the voltaic circuit be not completed by establishing a continu- 
ous conductor between pole and pole, then the electricity will not he 
in motionj no current will flow ; but the wire or other conductor 
which is in connexion with the positive pole will be charged with posi- 
tive, and that in connexion with the negative pole will be charged 
with negative electricity, of a certain feeble tension, and in a state of 
Impose. Since, in such case, the electricity with which the pile is 
charged has no other escape than by the contact of the surrounding 
atmosphere, the electromotive force is in very feeble operation, 
having only to make good that quantity which is dissipated by the 
air. The moment, however, the voltaic circuit is completed, the pile 
enters into active operation, and generates the fluid necessary to sus- 
tain the current 

These are points which it is most necessary that the student 
should thoroughly study and comprehend; otherwise, he will find 
himself involved in grea^ obscurity and perplexity as he attempts to 
proceed. 

1905. Case in which the earth completes the circuit. — If the con- 
ducting wires connected with the poles P and n, instead of being 
connected with the conductor o,fig, 558., be connected with the 
ground, the ear^ itself will take the place and play the part of the 
conductor o in relation to the current. The positive fluid will in 
that caae flow by the wire P £,^.^559., and the negative fluid by 
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Fig. 559. 



the wire N X to the- earth £ ) and the two fluids will be transmitted 
through the earth £ £ in contrary directions, exactly in the same 
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manner as through the conductor o. In this case, therefore, the vol* 
taic circuit is completed by the earth itself. 

1906. Methods of connecting the p6les with the earth, — In all 
cases, in completing the circuit, it is necessary to ensure perfect con- 
tact wherever two different conductors are united. We have already 
explained the application of mercurial cups and metallic clamps for 
this purpose, where the conductors to be connected are wires or strips 
of metal. When the earth is used to complete the vcircuit, these 
are inapplicable. To ensure the unobstructed flow of the current in 
this case, the wire is soldered to a large plate of metal, having a sur- 
face of several square feet, which is buried in the moist ground, or, 
still better, immersed in a well or other reservoir of water. 

In cities, where there are extensive systems of metallic pipes buried 
for the conveyance of water or gas, the wires proceeding from the 
poles P and N may be connected with these. 

There is no practical limit to the distance over which a voltaic car- 
rent may in this manner be carried, the circuit being still completed 
by the earth. Thus, if while the pile p N, fig, 559., is at Londoni 
the wire P E is carried to Paris or Vienna (being insulated through- 
out its entire course), and is put in communication with the ground 
at the latter place, the current will return to London through the 
earth e E as surely and as promptly as if the points E £ were only 
a foot asunder. 

1907. Various denomination of currents, — Voltiaic currents which 
pass along wires are variously designated, according to the form given 
to the conducting wire. Thus they are rectilinear currents when 
the wire is straight; indefinite currents when it is umlimited 
in length ; closed currents when the wire is bent so as to sur- 
round or inclose a space ; circular or spiral currents when the 
wire has these forms. 

1908. The electric fluid forming the current not necessarily in 
motion, — Although the nomenclature which has been adopted to 
express these phenomena implies tfiat the electric fluid has a motion 
of translation along the conductor similar to the motion of liquid in 
a pipe, it must not be understood that the existence of such motion 
of the electric fluid is necessarily assumed, or that its noo-existence, 
if proved, could disturb the reasoning or shake the conclusions which 
form the basis of this branch of physics. Whether an actual motion 
of translation of the electric fluid along the conductor exist or not, 
it is certain that the effect which would attend such a motion is pro- 
pagated along the conductor ; and this is all that is essential to the 
reasoning. It has been already stated, that the most probable hypo- 
thesis which has been advanced for the explanation of the phenomena 
rejects the motion of translation, and supposes the effect to be pro- 
duced by a series of decompositions and recompositions of the natu- 
ral electricity of the conddctor (1826). 
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^ 1909. Method of coating the conducting wires. — ^When the wires 
by which the current is conducted are liable to touch other con- 
ductors, by which the electricity may be diverted from its course, 
they require to be coated with some non-conducting substance, under 
and protected by which the current passes. Wires wrapped with 
silk or linen thread may be used in such cases, and they will be ren- 
dered still more efficient if they are coated with a varnish of gum- 
lac. 

When the wires are immersed in water, they may be protected by 
enclosing them in caoutchouc or gutta percha. 

If they are carried through the air, it is not necessary to surround 
ihem witJi any coating, the tension of the voltaic electricity being so 
feeble, that the pressure of the air and its non-conducting quality are 
sufficient for its insulation. 

1910. Sv^pports of conducting wire. — When the wire is carried 
through the air to such distances as would render its weight too great 
for its strength, it requires to be supported at convenient intervals 
upon insulating props. Rollers of porcelain or glass, attached to 
posts of wood, are used for this purpose in the case of telegraphic 
wires. 

1911. Amp^re^s rheotrope to reverse the current. — ^In experimental 
inquiries respecting the effects of currents, it is frequently necessary 
to rererse the direction of a current, and sometimes to do so sud- 
denly, and many times in rapid succession. An apparatus for accom- 
plishing this, contrived by Ampere, and which has since undergone 
various modifications, has been denominated a commutator, but may 
be more appropriately named a rheoteope, the Greek words^«oj^ 
(rheos) signifying a current, and fp6«o; (tropos), a turn. 

Let two grooves r r,fig. 560., about 
half an inch in width and. depth, be 
. cut in a board, and between them let 
j) four small cavities v, t, vj i be formed. 
Let these cavities be connected diago- 
nally in pairs by strips of copper IV 
and m,7fS, having at the place where 
they cross each other a piece of cloth 
or other non^K^onducting substance 
between them, so as to prevent the 

I3l ~ ^ A electricity from passing from one to the 

^ '*' "# I other. Let the grooves r and /, and 

the four cavities, be masticated on 




I^ig. 560. 



their surfaces with resin, so as td 



render them non-conductors. 
These grooves and cavities being filled with mercury, let the appa- 
ratus represented in fig. 561. be placed upon the board. A hori- 
sontal axis a a' moves in two holes od made in the upright pieces 

27* 
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Fig. 561. 



|)j7'. It carries foar fectan- 
gular pieces of metal c,c/, 
d^d'f 80 adapted, that when 
they are. pressed downwards 
one leg of each will dip into 
the mercury in the groove, 
and the other into the adja- 
cent cavity. The arms uniting 
the rectangular metallic pieces 
are of varnished wood, and 
are therefore non-conductors. When this apparatus is in the position 
represented in the figure, it will connect the groove r with the cavity 
Vf and the groove r' with the cavity t When the ends dd' sre 
depressed, and therefore c c' elevated, it will connect the groove r with 
the cavity ?, and the groove / with the cavity t 

The conductor which proceeds from the positive pole of the pile 
is immersed in the mercury in r, and that which comes from t\ie 
negative pole is immersed in the mercury in /. Two strips of copper 
hb' connect the mercury in the cavities tf and t/, with the wire wv/ 
which carries the current. 

The apparatus being arranged as represented in Jig, 560., the oar^ 
rent will pass from the pile to the mercury in r ; thenoe to t; by the 
conductor c ; thence to v' by the diagonal strip of metal IT ; thence 
to t^? by the metal &', and will pass along the wire as indicated by the 
arrows to 6; thence it will pass to the mercury in t; thence by the 
diagonal strip m! m to t; thence by the conductor c to the mercury 
in the groove /; and thence, in fine, to the negative pole of the pile. 
If the ends dd' he depressed, and the ends c </ elevated, the coarse 
of the current may be traced in like manner, as follows : — ^from r to 
^; thence hj h to w; thence along the conducting wire in a direc- 
tion contrary to that of the arrows to &'; thence to v; thence to r; 
and thence to the negative pole of the pile. 

1912. PoMs rheotrope. — Various forms have more recently been 
given to rheotropes, one of the most convenient of which is that of 
Pohl, in which the use of mercury is dispensied with. Four small 
copper columns A, B, c, Ti^fig, 562., about \ inch diameter, are set in 

a square board, and connected diagonally, A 
with D, and B with c, by two bands of copper, 
which intersect without contact. These pillars 
correspond to the four cavities, v, z/, <, ^', in 
Ampere's rheotrope. An horizontal axis 
crosses the apparatus similar to Ampere's; 
the ends of which are copper, and the centre 
wood or ivory. On each of the copper ends a 
bow acjdh of copper rests, so formed, that 
Fig. 562. ^ben depressed on the one side or the other, 
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it fidls into ooniaot with the copper pillars a, b, c, d. Two nietalHo 
bands connect the pillars A and b with clamps or binding screws 
p and viy to which the ends of the wire carrying the current are 
attached. The ends of the horizontal axis are attached to conductors 
which proceed from the poles of the pile. The course of the cur- 
rent may be traced exactly as in the rheotrope of Ampere. 

The arrangement and mode of operation of the 

^ p metallic bows, by depressing one end or the other 

^ v^^^ of which the direction of the current is changed, is 

g} ^ ^^rW\ I represented in Jig, 663., where ac is the bow, A 

and c the two copper pillars with which it falls into 
Fig. 563. contact on the one side or the other, and p the 
binding screw connected with the wire which carries 
the current. 

1913. Electrode, — The designation of poles being usually 
limited to the extreme elements of the pile, and the necessity often 
arising of indicating a sort of secondary pole, more or less remote 
from the pile by which the current enters and leaves certain con- 
ductors, Jh, Faraday has proposed the use of the term electrodes 
to express these. Thus in the rheotrope of Ampere, the electrodes 
would be the mercury in the grooves / /, Ji(/. 560. In the rheo- 
trope of Pohl, the electrodes would be the ends of the horizontal 
axis p and m. 

This term electrode has reference, however, more especially to the 
chemical properties of the current, as will appear hereafter. 

1914. Floating supports for condtictwg wire, — It happens fre- 
quently in experimental researches respecting the effects of forces 
affecting voltaic currents or developed by them, that the wire upon 
which the current passes requires to be supported or suspended in 
such a manner as to be capable of changing its position or direction 
in accordance with the action of such forces. This object is some- 
times attained by attaching the wire, together with a small vessel 
containing zinc and copper plates immersed in dilute acid, to a cork 
float, and placing the whole apparatus on water or other liquid, on 
which it will be capable of floating and assuming any position or 
direction which the forces acting upon it may have a tendency to give 
to it. 

1915. Amphre's apparatiis for supporting movable currents. — A 
more convenient and generally useful apparatus for this purpose, 
however, is that contrived by Amp^r^*; which consists of two ver- 
tical copper rods v v', fig. 564., fixed in a wooden stage t t', the 
upper parts being bent at right angles and terminated in two mercu- 
rial cups y y, one below the other in the same vertical line. The 
horizontal parts are rolled with silk or coated with gum-lac, to pre- 
vent the electricity passing from one to the other. Two small 
ciu'«p ''^ filled with mercury, being connected with the poles of a 
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battery, become the electrodes of the apparatus. These may be con- 
nected at pleasure with two mercurial cups 8 ff, which are in metallio 
communication with the rods v v'. The rheotrope may be applied 
to this apparatus, so as to reverse the connexions when required. 




V 





Fig. -566. 

The wire which conducts the current is so formed at its extremities 
as to rest on two points in the cups y^, and to balance itself so as 
to be capable of revolving freely round the vertical line passing 
through yy as an axis. 

A wire thus arranged is represented in fig. 565., having its ends 
resting in the oups yi/y the current passing from the cup y through 
the wire, and Returning to the cup y. If the rheotrope be reversed, 
it will pass from y through the wire and return to y. 
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CHAR IV. 

RECIPROCAL INFLUENCE OF RECTILINEAR CURRENTS AND 

MAGNETS. 



1916. Mutual action of magnets and currents, — When a voltaic 
current is placed near a magnetic needle, certain motions are im- 
parted to the needle or to the conductor of the current, or to both, 
which indicate the action of* forces exerted by the current on the 
poles of the needle, and reciprocally by the poles of the needle on 
the current. Other experimental tests show that the magnets and 
currents affect each other in various ways ; that the presence of a 
current increases or diminishes the magnetic intensity, imparts or 
effaces magnetic polarity, produces temporary magnetism where the 
coercive force is feeble or evanescent, or permanent polarity wherA it 
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is stroDg; that magnets reciprocally affect the intensity and direction 
of currents, and produce or arrest them. 

1917. iJlectro-magnetism. — The body of these and like phen<^ 
mena, and the exposition of the laws which govern them, constitute 
that branch of electrical science which has been denominated electro- 
magnetism. ^ 

To render clearly intelligible the effects of the mutual action of a 
Toltaic current and a magnet, it will be necessary to consider sepa- 
rately the forces exerted between the current and each of the mag- 
netic poles ; for the motions which ensue, and the forces actually 
manifested, are the resultants of the separate actions of the two 
poles. 

1918. Direction of the mutual, forces exerted hy a rectilinear 
cwrrent and the pole of a magnet. — To simplify the explanation, 
we shall, in the first instance, consider only the case of rectilinear 
currents. 

Let c & Jig. 566., represent the wire 
along which a voltaic current passes, 
directed from c to (f, as indicated by the 
arrows. Let^ n n' be a straight line 
which is parallel to the current c c', and 
which passes through the magnetic pole. 
We shall call this the line of direction 
of the magnetic pole. Let a plane be 
imagined to pass through these lines 
/ c c' and n n', and let a line A B be 
'*^^ drawn in this plane at right angles to 
c c' and N n'. 

The force exerted by the current up- 
on the magnetic pole, and reciprocally 
the force exerted by the magnetic pole 
upon the current, will have a direction 
at right angles to the plane passing 
through the direction c' of the current, 
and the line of direction N n' of the 
magnetic pole. 

Thus the line of direction N n' will 
be impelled by a force in the direction 
of the line L R, and the current c c' by a force in the direction of the 
line iJ r' ; these lines L R and i/ r' being understood to be drawn at 
right angles to the plane passing through c c' and N n'. 

But it is necessary to show in which direction on the lines L R and 
l' r' these forces respectively act. 

This direction will depend on and vary with the name of the mag- 
netic pole and the direction of the current on the line C c'. 

If we suppose the magnetic pole to be an austral or north pole. 
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and the current to descend on the line c c', as indicated by the arrows, 
let an o'bserver be imagined to stand with his person in the direction 
c' of the current, looking towards N n', and the current consequently 
passing from his bead to his feet. In such case the direction of the 
force impressed by the current on the line N n' will be directed to 
the inght of such observer, that is from A towards R. 

If the observer stand in the direction of the line of direction n n' 
of the magnetic pole, looking towards the current c c', the force im- 
pressed by the magnetic pole upon the current will, as before^ be 
directed to his right, that is, from B towards r'. 

If the magnetic pole of which N n' is the^ine of direction be a 
boreal or south pole, these directions will be reversed, each line N n' 
and c cf being impelled to the le/t of the observer, who looks from 
the other line. Thus, in such case, N n' will be impelled by a force 
directed from A towards L, and c c' by a force directed from B to- 
wards l'. 

If the current ascend on the line c c', the directions of the forces 
will be the reverse of those produced by a descending current. Thus, 
when the current ascends, the line N n' will be impelled to the le/t 
of the observer at cc' if the pole be austral or north, and to his 
right if it be boreal or south ; and in the same case the current c d 
will be likewise impelled to the left of the observer M N n' if the 
pole be austral or north, and to his right if it be boreal or south. 

To impress the memory with these various effects, it will be suffi- 
cient to retain the directions of the forces produced between a de- 
scending current and a north magnetic pole. The directions will be 
the same for an ascending current and a south magnetic pole ; they 
will be reversed for a descending current and south pole, or for an 
ascending current and north pole. 

Thus if the lines of direction of the current and the pole be sup- 
posed to be both perpendicular to the surface of this paper, and that 
the line of direction of the pole pass through the paper at p, and 
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Fig. 667. Fig. 568. 

that of the current at c, the directions of the forces impressed on the 
lines of direction of the current and the pole for a descending cur- 
rent and north magnetic pole, or an ascending current and a south 



INFLUENCE OF CURRENTS ANP MAGNETS. 



823 



magnetic pole^ are indicated by the arrows in fiij. 567., and their 
directions for a descending current and south magnetic pole, or an 
ascending current and a north magnetic pok^ are indicated in fifj. 568. 

For example, if a current descend on a vertical wire, and the 
austral or north pole of a magnet be placed so that its line of direc- 
tion shall be to the north of the current, the wire of the current will 
be impelled by a force directed to the tres^, and the line of direction 
of the magnetic pole by a force directed to the coaL 

If the current ascend, or if the pole be a south pole, the wire of 
the current will be impelled to the ectst^ and the line of direction of 
the pole to the viaU 

19 19. Circvlar motion of magnetic pole round a fixed current. — 
If the line of direction of the current be fixed, and that of the mag- 
netic pole be movable, but so connected with the line of the current 
as to remain always at the same distance from it, the line of direc- 
tion of the pole will be capable only of moving round the surface 
of a cylinder whose axis is the direction of the current. In this 
case the force impressed by the current on the line of direction of the 
pole, being always at right angles to that line, and always on the 
same side of it as viewed from the current, will impart to the line 
of direction of the pole a motion of continued rotation round the 
current as an axis. This rotation, as viewed on the side from which 
the current flows, will be in the same direction as the motion of the 
hand of a watch, where the pole is north, as represented in fig, 569., 
and in the contrary direction as represented in fi^, 570., where the 
pole is south. 
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Fig. 670. 



1920. CvrcfuiULr motion of a current round a magnetic jf>oIe. — A 
similar^ motion of continued rotation will be imparted to the wire 



824 



VOLTAIC BLECTRICITT. 




Fig. 571. 



oonduotiDg the current if the line of direction of the magnetic pole 
be fixed, and the wire be similarly connected with it. In this case 
the motion imparted by a north pole on a descending current is re- 
presented in Jig, 569., and that impressed by a south pole in Jig, 570. 

1921. Ajoparattts to illustrate experimentally/ these effects. — A 
great variety of apparatus and experimental expedients has been 
contrived to illustrate and verify these laws. 

1922. Apparattts to exhibit the direction of the force impressed 
hy a rectilinear current on a magnetic pole, — To demonstrate the 
direction of the force impressed by a rectilinear current on a mag- 
netic pole, let a light bar,^. 571., of ivory, or 
any other substance not susceptible of magnetism, 
made flat at the upper surface, be balanced like 
a compass needle on a fine point, so as to be free 
to move round it in an horizontal plane. Let a 
magnetic needle, n s, be placed upon one arm of 
it, so that one of the poles, the boreal s for 
example, be exactly over the point of support; 

and let a counterpoise, w, be placed upon the other arm. Let the 
magnet be rendered astatic, so as not to be affected by the earth's 
magnetism by any of the methods already explained (1695). 

Let the needle thus suspended be supposed to play round 8, fig. 572, 
in the plane of the paper, and let a voltaic current pass downwards 
along a wire perpendicular to the paper, g representing the intersection 
of such wire with the paper. The needle, after some oscillations, 
will come to rest in the position s n, so that its direction shall be at 

right angles to the line o N, drawn from 
^ the current to the pole N, and so that the 

centre s shall be to the left of n as viewed 
from 0. 

It follows, from what has been already 
explained, that the force exerted by the 
current c on the pole N has the direction 
indicated by the arrow from s to N. This 
force is therefore directed to the right of 
N as viewed from c. 

If the wire carrying the current bo 
moved round the circle c c' o" c"', the 
pole N will follow it, assuming always 
such positions, n', n", n'", that s n', s n", 
s n'" shall be at right angles to c' n', c" 
N", 0'" N ". It follows, therefore, that whatever position may be 
given to the current, it will exert a force upon the austral or north 
pole N of the magnet, the direction of which will be at right angles 
to the line drewn from the current to the pole, and to the right of 
the pole as viewed from the current. 
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If 1^ poution of the needle' be reversed, the pole n being placed 

at the centre of motion, the same phe- 
Dompna will be manifested, but in this 
case the needle will place itaelf to the 
right of. the pole b aa viewed from the 
current c, as represented mfig. 573. It 
follows therefore, in this case, that what- 
ever poution be ^ven to the current, it 
will exert n force upon the boreal or Booth 
pole of the magnet, the direction of which 
will be at right angles to the line drawn 
from the current to the pole, and to the 
left of the pole as viewed from the current. 
The current baa here been supposed to 
, descend along the wire. If it ascend, the 
Ifi will exert a force on the austral pole 
n the boreal pole one directed to the right 
: intfngUy of this force, — Hai ' 




Fig. 6T3. 



effects will be revereed. 
directed to the left, and o 
1923. ApparalM to m 
indicated the conditiona which determine the directions of the forces 
reoiprocallj exerted between magnetio poles and a. current, it is 
neoeeaary to expl^ those which affect their inlensity. 

Let 8 S,Jig. 574., be an astatic needle affected by the current o, 
whose direction is perpendi- 
cular to the paper, as already 
explaioed. If K be displaced 
it will oscillate on the one 
side and the other of its po- 
sition of rest, and its oscilla- 
tions will be governed by the 
laws already explained in the 
case of the pendulum (256). 
The intensity of the force 
s by the current c, will 
nber of vibrations per* 




Fig. iH. 



it in the direction of the a 
be proportional to the squares of the i 
minute. 

1924. Interaity variet inversely aa ike distance. — If the distance 
of c from M be varied, it will be found that the square of the number 
of vibrations per minute will increase in the same proportion as the 
distance O K is diminished, and vice versS,. It follows, therefore, that 
the force impressed by the current on the pole is increased in tbo 
same ratio as the distance of the current from the pole diminishes, 
and vice vera&. 

In the case here contemplated, the length of the wire carrying the 
oarrent being considerable, each part of it exercises a separate force 
OD N, and the entire force exerted is consequently tbc resultant of an 
infinite number of furces, just us the weight of a body is the resultant 

II. 28 
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of the forces separately impressed by gravity on its component mole- 
cules. Laplace has shown that the indefinitely small parts into 
which the current may be supposed to be divided, exert forces which 
are to each other in the inverse ratio of the squares of their distances 
from^he pole, and that by the composition of these a resultant is 
produced, which varies in the inverse proportion of the distances as 
indicated by observation. 

From what has been stated, it is evident that if the current Jig, 
575. be placed at the centre s of the circle round 
which the north pole of a magnet is free to move, it 
will impart to the pole a continuous motion of rota- 
tion in that circle. If the current be supposed to 
move downwards, the pole n will be constantly driven 
to the right as viewed from the centre s (1918), and 
consequently the magnet will move in the direction 
of the hand of a watch, as indicated by the arrows. 
If the north pole N be placed at the centre, as in Jig, 576., the 
current still descending, the force exerted on the south 
pole s will be constantly directed to the left as viewed 
from the centre, and the magnet will accordingly move 
contrary to the hand of a watch, as indicated by Uie 
arrows. 

If the current ascend, these motions will be re- 
versed, the north pole moving contrary, and the south 
according to the hand of a watch, as indicated in Jig%, 
577., 578. 
f/^ ^ Descending current acting on north pole (^Jig, 

sL N- ] 575.) 

Descending current acting on south pole (^Jig, 

Ascending current acting on south pole (^Jig, 
Fig. 677. 577.) 

Ascending current acting on north pole ( Jig, 

1925. Case in which the current is within j hut not 
at the centre oj the circle in which the pole revolves. — 
If the current be within the circle described by the 
free pole, but not at its centre, the pole will still 
revolve; but the force which impels it will not be 
Fig. 578. uniform, as it is when the current is at the centre. 
Since the force exerted by the current on the pole is 
inversely as its distance from the pole, that force will, be necessarily 
uniform when the current is at the centre, the distance of the pole 
from it being always the same. But when the current is within the 
circle at a point c, Jig. 579., difFtjrent from the centre, the distance 
N will vary, and the force exerted on N will vary in the inverse 
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proportion, increasiog as the distance is dimiDisbed, 
and decreasing as the distance is increased. The 
TS rotation will nevertheless equally take place, and 
in the same direction as when the current o is 
at the centre. 

1926. Action of a current an a magnet^ hoik 
poles being free, — Having thus explained the mu- 
tual action of the current, and each pole of the 
needle separately, we shall now consider the case in which a magnetie 
needle suspended as usual on its centre is exposed to the action of the 
current. 

1927. Case in which the current is outside the circle described by 
^ poles. — ^Let Cjfigs» 580, 581., as before, be a descending current 
placed outside the circle in which the poles of the needle n s play. 
The forces exerted by the current on the two poles n and s have in 
this case opposite effects on the needle, and consequently it will turn 
in the direction of that which has the greater effect, and will be in 
equUibrium when the, effects are equal. 

If the poles be placed at n' and s', fig, 580., the force exerted on 
them will move n' towards n, and s' towards s, and the needle will 
turn in the direction of the arrows by the combined effects of both 
forces. When n' arrives at n", the force being in the direction o n" 
will be ineffective ; but the force acting on s", the opposite pole, will 
continue to turn the needle towards the position n s, where it is at 
right angles to CO. After passing m'^, the force on n is effective in 
opposition to that on s, but in a very small degree, so that the effect 
on s preponderates until the needle arrives at the position SN. Here, 
the poles N and s being equally distant from o, the forces are equal. 
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1^680. 



Fig. 581. 



and being equally inclined to s n, have equal effects in opposite di- 
rections. The needle is therefore held in equilibrium. If the needle 
be moved beyond this position, the effect of the force on n predomi- 
nating over that of the force on s, the needle will be brought back 
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to the position s N, and will oscillate on the one side and the other 
of this directioD, showing that it is the position of stahle equilibrium 
(Handbook of Mechanics, 299). 

If the pole B be placed at s'yjig. 581., the effects on the two poles 
s' and n' will, as before, combine to turn the needle as indicated by 
the arrows, moving the south pole towards 8, and the north towards N, 

It follows, therefore, that a downward current acting as in Jigs. 
680, 581., outside the circle described by the poles, will throw the 
needle into a direction bn at right angles to the line 00 drawn from 
the current to the centre of the needle, the north pole being on the 
right as viewed from the current. 

An ascending current will produce the contrary effects, the north 
pole being thrown to the left as viewed from the current. 

1928. Case in which the current passes through the circle, — If 
the current pass through the circle described by the poles, the needle 

will rest indifferently in any direction that may 
be given to it. In this case,^. 582., let o be 
the current. The forces it exerts on s and n 
being in the inverse ratio of the distances, that 
which affects s will be to that which affects n as 
N is to c s. The moment of the force on s wiU 
therefore be gnxos, and the moment of the 
force on n will be osxON. These moments 
being equal, the forces must be in equilibrium 
(426), and the needle will therefore remain at 
rest whatever position be given to it. 

1929. Ca>se in which die current pcLsses within 
(he circle, — Let the current pass within the circle described by the 

poles. In this case the effects of the current 
on the^two poles s and n is opposite in every 
position. If the pole be at n', fig. 583., the 
^^ point of the circle nearest *o o, the force on n* 
I'b being greater than the force on s' in the ratio 
of cs' to ON' (1923), the effect of the force on 
n' will predominate, and n' will be moved to- 
wards N, and s' towards 8. The effects on N 
will continue to predominate until they arrive 
at the position NS, where the effects become 
equal and the needle is in equilibrium; for 
here the distances of s and N from c being equal, the forces are equal ; 
and since they are equally inclined to the needle, they have equal 
effects to turn it in contrary directions. After passing N, the effect 
on s predominates; the needle will be brought back to the position 
N s, and will oscillate on the one side and the other, indicating stable 
equilibrium (Handbook of Mechanics, 299). 




Fig. 582. 




Fig. 583. 
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If the needle be placed with the pole s' at the point nearest to o, 

fig, 684., the pflfect on s' predominating, s' 
will be moved towards 8, and n' towards N, 
"N.,.^^ and the needle will attain the same position 

*^^ as in the former case. 

/ It follows, therefore, that when a descend- 

fing current passes within the circle described 
by the poles, as represented v^fijg%. 583, 584., 
the needle will be thrown into a direction SN 
at right angles to the line o O drawn from the 
current to the centre of the needle, the north 
Fig: 584. pole pointing to the left as viewed from the 

current. 
An ascending current will produce the contrary effect, throwing 
ihe north pole to the right. . 

It will be observed that the direction of the poles, when the cur- 
vent is mOdn the circle; is opposite to its direction when it is outside 
the circle. 

1930. Apparatus to illuBtrate electro-magnetic rotation. — A 
variety of interesting and instructive apparatus has been conti-ived 
to illustrate experimentally the reciprocal forces manifested between 
onrrents and magnets. These may be described generally as exhibit- 
ing a magnet revolving round a current, or a current revolving round 
a magnet, or each revolving round the other, impelled by the forces 
which the current and the poles of the magnet exert upon each other. 
It will be conducive to brevity in describing these effects to designate 
a motion of rotation which is from left to right, or according to that 
of the hand of a watch, as direct roiationy and the contrary as retro- 
grade rotation. It will therefore follow from what has been ex- 
plained, that if N and s express the north and south poles of the 
magnet, and A and d express an ascending and descending current, 
the rotation of each round the other in every possible case will be as 
follows : ' 

N, D 



S, A 
N, A ) 
S, Dj 



• Direct 



Retrograde, 



We shall classify the apparatus according to the particular manner 
in which they exhibit the action of the forces. 

1931. To cause either pole of a magnet to revolve round a fixed 
voltaic current — Let two bar magnets be bent into the form shown 
in j€</. 585., so that a small part at the middle of their length shall 
be horizontal. Under this part an agate cap is fixed, by which the 
magnet is supported on a pivot. Above the horizontal pan a small 
cup containing mercury is fixed. The magnets are thus free to re- 
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Tolve OD the pivots. A small drcakr can&l 
of mcTciir; surrounda each magoet a little 
below the rectangular heoi, intti which the 
amalgamated, point of a bent wire dips. 
These wires are connected with two vertical 
rods, which, turning at right angles above, 
terminate in a small cup containing mercury. 
Two similar mercurial cups commiiDtcate 
with the circttlar mercurial canals. If the 
upper cup be pnt in communication with the 
posiUve pole of a battery, and the lower cups 
with the negative pole, descending currents 
i will be established on the vertical rods; and 
if the upper cup be put in communication with 
the negative, and the lower with the powtive, 
the currents will ascend. The two magneto 
may be placed either with the same or opposite poles uppermost. Tb« 
currents pass from the vertical rods lo the mercury in the circnlar 
canals, thence to the lower cups, and thence to the negative poles. 

When the dcEceudiog current passes on the rods, the 
north pole of the magnet revolves with direct, and the 
south pole with retrograde motion. When the current 
ascends, these motions are reversed. 

1932. To cause a moveable current to revolve round 
the Jixed pole of a magnet. — Let a glasa vessel. Jig. 
586., be nearly filled with mercury. Let a metalUo 
wire suspended from a hook over its centre be capable 
of revolving while its end rests .upon the surface of the 
mercury. A rod of metal enters at the bottom of the 
vessel, and is in contact with a magnetic har fised ver- 
I tically in the centre of the vessel. When one of the 
poles of the battery is put in communication with the 
Fig. m. moveable nire, and the other with the fixed wire con- 
nected with the magnet, a current will pass along the 
moveable wire, either lo the mercury or from it, according to the 
connexion made niih the poles of the battery ; and the moveable 
wire will revolve round the magnet, touching the surface of the mer- 
cury with a moUoo direct or retrograde, according as the current de- 
scends or ascends, and according to the name of the magnetic pole 
fised in (he centre (1930). 

Let 2 z, fig. 587., represent a section of a circular trough eon- 
tnining mercury, having an opening at the centre, in which is in< 
sorted a metallic rod, terminating at the top in a mercurial cup c. 
A wire at ah U a' is bent so as to form three sides of a rectangle, 
the width h h' corresponding with the diameter of the circular 
trough z z'. A point is attached to the middle of b b', which 
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restB in the cop c, so that the rectangle is balanced 
on the rod I, and capable of rerolviog on the pivot 
sa a centre. 

If the mercury in the circular trough he con- 
nected by a wire with the negative, while the cup e 
is connected with the positive pole of a batteiy, 
J?,' deaccnding currents will be eatabliahed along tbo 
vertical wires h a and b' a'; and if the coo- 
nesiona be reversed, these currenta will ascend. 
If, when these currents are established, the pole 
Fig. S8T. of a magnet be applied under the centre P, it will 
act upon the vertical currents, and will cauae th« 
rectangolar wire aX a b b' a' to revolve round c, with a motion 
direct or retrograde, according to the direction of the current and 
the name of tlie magnetic pole (1920). 

The points of contact of the revolving wires with the mercnry may 
be multiplied by attaching the ends a a' of the wires to a metallic 
hoop, the edge of which will rest in contact with the metal; or the 
wirea a b and a' h' may be altogether replaced by a thia copper 
cylinder balanced on a point in the cup at c. 

Another apparatus for illustrating this is repre- 
ented in Jig. 588. A bar magnet is fixed verti- 
cally in the centre of a circular trough containing 
mercury. A light and hollow cylinder of copper 
is suspended on a point resting in an agate cup 
placed on the top of (he magnet, and having a ver- 
tical wire proceeding from it, which terminates in 
1 a small mercurial cup P at the top. Another wire 
connects the mercury in the trough with a mercu- 
rial cup N. When the cups P and n are put in 
iiDunication with the poles of the battery, a 
current ia established on the sides of the copper 
cylinder C C, and rotation takes place as already 
described. 

"K- * ■ A double apparatus of this kind, erected on the 

two poles ef a horse-shoe magnet, IS represented in_^^. 589. 

1933. Ampirt!t method. — Ampere adopted the following method 
of exhibiting the revolution of a current round a magnet. A double 
cylinder of copper, c c, Jig. 590., about 2} in. diameter and 2J in. 
high, is supported on tbe pole of a bar magnet by a plate of metal 
passing across the upper orifice of the inner cylinder. A light 
cylinder of zinc z z, supported on a wire arch .a, is introduced 
between the inner and outer cylinders of copper, a steel point 
attached to the wire arch resting upon the plate by which the copper 
cylinders are supported. On introducing dilute acid between the 
copper cylinders, electromotive action takes place, the current passing 
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Ilg. G8«. Fig. G90. 

from the cmc to the add, thenoe to the copper, aad theoce throngli 
the pJTot to the tdnc. The nuo being in this case free to revolve, 
vhile the copper is fixed, aod tlie current desoending on the former, 
the rotation will be direct or retrograde according as the magnetia 
pole ia north or south. 

If the copper were free to revolve as well as the zinc, it would 
turn in the contrarj direction, since the current ascends apon it, 
while it descends on the zinc. Mr. J. Marsh modified Ampere's 
apparatus, so as to produce CJiig effect bj substituting a pivot, resting 
in a cup at the top of the magnet, for the metallio arch bj which, 
in the former case, the copper vessel was sustained. 

A donble arrangement of this kind is given in jig. 5&1., where 
the double cylindera are supported on pivots on the two poles of a 
horse-shoe magnet. The rotation of the corresponding cylinders on 
the two opposite magnetic poles will be in contrary directions. 
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1934. To make a magnet turn on ill men a3^ li/ a current 
parallel to it. — The tendency of the conductor on which a current 
passes to revolve round a magnet will not the leei exist, though the 
current be so fixed to the magnet as to bo incapable of revolving 
withont carrying the magnet with it. In_;^. 592., the magnet H is 
sunk by a platinum weight &; its upper end being fixed to the cop- 
per cylmder w w, a current passing from p to n causea the cylinder 
to rotate, carrying with it the magnet. 

Since a magnetic bar is itficlf a conductor, it is 
not necessary to intToduco any other; and a cur- 
rent passing along the bar wiU give rotation to it. 
An apparatus for exhibiting this effect is repre- 
sented in Jig. 593., wheie a magnetic bar is sup- 
ported in the vertjcol position between pivots which 
play in agate cupa. A circular mercurial canal ia 
a placed at the centre of the magnet, and another 
round the lower pivot. Mercurial cups communi- 
cate with these two canals. When these cupa are 
put in communication with the poles of a battery, 
the current will pass between the two canals along 
the lower pole of the magnet, in the one direction 
or the other, according to the mode of connexion; 
and the magnet will turn on its own axis with a 
direct or retrograde rotation, accordiiig to the oame 
of the pole on which the current mos, and to the 
direction of the cuirent. 




-VIk. G93. 



■If a wire p a b o d n, Jlgg. 594., 595., be bent into the form of 
any geometrical %nre, the extremities being brought near to eaoh 
other without actually touching, a current entering one extremity 
and departing from the other, ia called a circulatinq current. 

1985. Front and back of dreulating current. — If such a current 
be viewed on oppo^te sides of the figure formed by the wire, it will 
appear to circulate in different directions, on one side direct, and on 
the other retrograde (1930). That side on which it appears rfi'rM* 
IB called the rRONT, and the other the back of the current. 
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1936. Axis of current. — If the current have a regular figiife 
having a geometric]]^ centre, a straight line drawn through this centre 
perpendicular to its plane is called the axis of the current* 

1987. Reciproccd action of circulaHng current cmd magnetic 
pcle. — ^To determine the reciprocal influence of a circulating current 
'^ and a magnetic pole placed any- 

where upon its axis, let iiie axis 

.^ <jBdf be X x', Jiff, 596., the plane 

'&>^^\ y "X of the current being at right 

angles to the paper, A being the 
point where it ascends, and B the 
point where it descends through 
the paper. 

1^. Let N be a north magnetic 
pole placed m front of the current 
The part of the current at D will exert a force on n in the direction 
N m' at right angles to D N, and the part at A will exert an equal 
force in the direction N M at right angles to A N. These two forces 
being compounded, will be equivalent to a single force N o (152) 
directed from N along the axis towards the current. 

It may be shown that the same will be true for every two points 
of the current which are diametrically opposed. 

2^. Let a south magnetic pole s^fig, 597., be similarly placed in 

front of a circulating current 
The part D will exert upon it a 
^^ force in the direction s M perpen- 

'-^s/ \-B X <iicular to 8 D and to the left of s 
7^ as viewed from D, and the part a 

will exert an equal force in the 
direction sm' to the right of s 
as viewed from a. These two 
equal forces will have a resultant 
s o directed from the current ; 
and the same will be true of every two points of the current which 
are diametrically opposed. 
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If tiie magnetic pole be placed at the hack of the current^ the con- 
traij effects ensue. 

The same inferences may be deduced with respect to any circu- 
lating current which has a centre, that is, a point within it which 
divides into two equal parts all lines drawn through it terminating in 
the current. 

It may therefore be inferred generally that wTien a magnetic pole 
18 placed upon the axis of a circulating current, attraction or repul- 
sion is produced between it and the current ; attraction when a north 
pole is before, or a SOUTH jx>2etB£HlNP, and repulsion when a south 
pole is before, or a north pole behinp. 

1938. Intensity of ^ force vanishes when the distance of the pole 
hears a very great ratio to the diameter of current. — Since the 
intensity of the attraction between the component parts of the cur- 
rent and the pole decreases as the square of the distance is increased, 
and since the lines n m and N M',Jig. 596., and s m and s ^',fig. 
597., form with each other a greater angle as the distance of the pole 
from the current is increased, it is evident that when the diameter 
AD of the current bears an inconsiderable ratio to the distance of the 
pole N or s from it, the attraction or repulsion ceases to produce any 
sensible effect. 

1939. Bui ^ directive power of the pole continues. — This, how- 
erer, is not the case with relation to the directive power of the pole 
npon the current. The tendencv of the forces impressed by the pole 
upon the current is always to bring the plane of the current at right 
angles to the line drawn from the pole to its centre. There is, in 
short, a tendency of the line of direction of the pole to take a posi- 
tidii coinciding with or parallel to the axis of the current, and this 
coincidence may be produced either by the change of position of the 
pole or of the plane of the current, or of both, according as either or 
both are free to move. 

1940. Spiral and hdiacal currents. — The force exerted by a 
circulating current may be indefinitely augmented by causing the 
current to circulate several times round its centre or axis. If the 
wire which conducts the current be wrapped with silk or coated with 
any non-conducting varnish, so as to prevent the electricity from 
escaping from coil to coil when in contact, circulating currents may 
be formed round a common centre or axis in a ring, a spiral, a helix, 
or any other similar form, so that the forces exerted by all their 
coils on a single magnetic pole may be combined by the principle 
of the composition of force ; and hence an extensive class of electro- 
magnetic phenomena may be educed, which supply at the same 
time important consequences and striking experimental illustra- 
tions of the laws of attraction and repulsion which have been just 
explained. 

1941. JEapedients to render circulating cunaents moveable. — Amn 
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pire'g and Delariv^a afmarafia. — Two expe- 
' dieate Lavs been practiaM to render a oircnl&ting 
current moveable. 

1. By tbe appanttas of Ahp£re already do- 
scribed (1915), the wire condacting the correDt 
i being bent at the ends, as represented in Jig. 
698-, may be supported in the cups yy as 
represented in ^. 564., so that its plane being 
Tertical, it shall be capable of revoWing ronna 
tbe line yy' as an axis. By this arrangement 
tbe plane of the current can take any direc- 
tion at right angles to an horizontal plane, but 
it is not capable of receiving any progressiTe 
motion. 
' 2. The latter object is attained by the floating 
apparatus of M. Delarive. 

. Let a coated wire be formed into a cironlar ring 

I ^3 composed of several coils. Let ona end of it be 
I gy attached to a copper celi,^. 599., and the other 
^g to a slip of zino which descends int^) this cell 
b^ The- cell being filled with acidulated water, a 
_ ^R current will be established through the wire in 

^^^^^&^ the directJOQ of the arrows. The copper cell may 
be inclosed in a glass vessel, or attached to a coiv 
Fig. 699. BO as to float upon water, and thus he free to assume 
any position which the farces acting upon the cur- 
rent may tend to give it. 

1942. JSolaiojy motion imparled to circular citrreiU hy a mag- 
vetiepok. — If a magnetic north pole be presented in front of a cir- 
cular current, ^g. 598., suspended on Ampere's frame, _fig. 564., tha 
ring will turn on ibi points of suspension until its axis pass tbroogli 
the pole. If the pole be carried round in a circle, the plane of the 
ring will revolve with a corresponding motion, always presenting tbe 
front of the current to the pole, the axis of the current passing through 
the pole. 

If a south magnetic pole be presented to tbe bock of the onrren^ 
like effects will be produced. 

If a north magnetic pole be presented to the back, or a south to 

the front of the current, the ring will, on . 
NX the least disturbance, make half a tevoln- 

y tion round its pointa of suspension, so as 

Ai I — ^ } ? to turn its point to the north and its 

back to the south magnetic pole. 

1943. Progressive motion imparled 
to it. — If c, Jii/, 600., represent a floating 
circular current, a north magnedc pole 




' CflRCULATINa CURRENTS AND MAGNETS. 837 

placed anywhere on its axis will cause the ring conducting it to move in 
that direction in which its front is presented ; for if the pole be before 
it at A it will attract the current; and if behind it at b it will repel it 
(1937). In either case the ring will move in the direction in which 
its front looks. 

If a south magnetic pole be similarly placed, it will cause the cur- 
rent to move in the contrary direction ; for if it be placed before the 
current at A it will repel it, and if behind it at b it will attract it. In 
either case the ring will move in the direction to which the back of 
the current looks. 

1944. Reciprocal action of the current on the pole. — ^If the mag- 
netic pole be moveable and the current fixed, the motion impressed 
on the pole by the action of the current will have a direction opposite 
to that of the motion which would be impressed on the current, 
being moveable, by the pole being fixed. A north magnetic pole 
placed on the axis of a fixed circular current will therefore be moved 
along the axis in that direction in which the back of the current 
looks, and a south magnetic pole in that direction in which the front 
looks. 

1946. Action of a magnet on a circular floating current. — If a 

bar magnet s N, fig. 
601., be placed in a 
fixed position with its 
magnetic axis in the 
direction of a floating 
Fig. 601. circular current A, its 

north pole N being di- 
rected to the front of the current, the current will be attracted by N 
and repelled by s ; but the force exerted by n will predominate in 
consequence of its greater proximity to A, and the current will ao- 
oordingly move from a towards n. After it passes N, the bar passing 
throu^ the centre of the ring, it will be repelled by n and also by 
s (1937) ; but so long as it is between n and the centre G of the 
bar, as at b, the repulsion of n will predominate over that of s in 
consequence of the greater proximity of N, and the current will 
move towards O. Passing beyond c to b', the repulsion of s pre- 
dominates over that of n, and it will be driven back to c, and after 
some oscillations on the one side and the other it will come to rest 
in stable equilibrium, with its centre at the centre of the magnet, its 
plane at right angles to it, the firont looking towards s and the back 
towards n. 

1946. Reciprocal action of the current on the magnet. — If the 
current be fixed and the magnetic bar moveable, the latter will move 
in a direction opposite to that with with which the current would 
move, the bar being fixed. Thus, if the current were fixed at A, the 
bar would move to it in the direction of n a, and the pole n passing 
n. 29 
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through the ring, the bar would come to rest, after some oscillations, 
with its centre at the centre of the ring. 

1947. Case of instable equilibrium of the current. — If the ring 
were placed at its centre at G and its front directed to N, it would be 
in instable equilibrium, for if moved through any distance, however 
small, towards N or s, the attraction of the pole towards which it 
moved would prevail over that of the other pole which is more dis- 
tant, and the ring would consequently be moved to the end of the 
bar and beyond that point, when, being still attracted by the nearest 
pole, it would soon be brought to rest. It would then make a half 
revolution on its axis and return to the centre of the bar^ where it 
would take the position of stable equilibrium. 

All these are consequences which easily follow from the general 
principles of attraction and repulsion established in (1937). 

1948. Case of a ^iral current, — If the wire which 
conducts the current be bent into the form of a spiral, 
fg. 602., each convolution will exert the force of a 
circular current, and the effect of the whole will be 
the sum of the for6es of all the convolutions. Such 
a spiral will therefore be subject to the conditions of 
attraction and repulsion which affect a circular cur- 
Fig. 602. rent (1937). 

1949. Circular or spiral currents exercise the same 
action as a magnet. — In general it may be inferred that circulating 
currents exercise on a magnetic pole exactly the same effects as would 
be produced by another magnet, the front of the current playing the 
part of a south pole, and the back that of a north pole. 

1960. Case of heliacal current. — It has been shown that a helix 
or screw is formed by a point which is at the same time affected by 
a circular and progressive motion, the circular motion being at right 
angles to the axis of the helix, and the progressive motion being in 
the direction of that axis (496). In each convolution the thread of 
the helix makes one revolution, and at the same time progresses in 
the direction of the axis through a space equal to the distance between 
two successive convolutions. 

1951. Method of neutralizing the effect of the progressive motion 
of such a current. — If a current therefore be transmitted on a helia- 
cal wire, it will combine the characters of a circular and rectilinear 
current. The latter character, however, may be neutralized or effaced 
by transmitting a current in a contrary direction to the progression 
of the screw, on a straight wire extended along the axis of the helix. 
This rectilinear current being equal, parallel, and contrary in direc- 
tion to the progressive component of the heliacal current, will have 
equal and contrary magnetic properties, and the forces which they 
exert together on any magnetic pole within their influence will coun- 
teract each other. 
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Fig. 603. 




Fig. 604. 



1952. Right-handed and left-handed he- 
lices. — Helices are of two forms : those in 
which the wire turns like the thread of a 
corkscrew, that' is, in the direction of the 
hands of a watch, fig. 603.; and those in 
which it turns in a contrary direction, fig. 604. 

1953. Front of current on each kind. — If 
a current traverse a right-handed helix, its 

front will be directed to the end at which it enters, and in the left- 
handed helix to the end at which it departs. 

1954. Magn^c properties of heliacal currents — their poles deter^ 
mined, — Hence it follows, that in a right-handed heliacal current, 
the end at which the current enters, and which is the positive pole, 
has the magnetic properties of a south pole ; and in a left-handed 
helix this end has the properties of a north pole. 

1955. Experimental iUtistration of these properties. — The mag- 
netic properties of spiral and heliacal currents may be illustrated ex- 
perimentally by means of Ampere's arrangement, fig. 564., or by a 
floating apparatus constructed on the same principle as that repre- 
sented in fig. 599. 

The manner of forming spiral currents adapted to Ampere's ap- 
paratus is represented in figs. 605. and 606. In fig. 605. the spirals 





Fig. 605. 



Fig. 606. 



are both in the same plane, passing through the axis of suspension 
y^f'* ^ 606. they are in planes parellel to this axis, and at right 
angles to the line joining their centres^ which is therefore their com- 
mon axis. 

1956. The front of a circulating current has the properties of a 
atmf^ and the hack those of a northy magnetic pole. — According to 
what has been explained, the front of such a spiral current will have 
the properties of a south magnetic pole, and will therefore attract 
and'be attracted by the north, and repel and be repelled by the south 
pole of a magnet. If the spirals in fi^. 605., therefore, be so con- 
nected with the poles of a voltaic system, as to present their fronts 
on the same side^ they will be both attracted by the north pole, and 
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both repelled by the south pole of a magnet presented to ibero, that 
which is nearer to the magnet being more attracted or repelled than 
the other. If the magnetic pole be equally distant from them, they 
will be in equilibrium, and th^ equilibrium will be stable if they 
i.i/ both repelled, and instable if they are both attracted by the 
magnet. 

To demonstrate this, let s, fig, 607., be the south pole of a mag- 
net placed in front of the two spirals, whose centres are at A and b, 
equally distant from s. It is evident that a perpendicular s o drawn 

from s to A B will in this case 
^ -^ pass through the middle of A b. 

The pole s will therefore, accord- 
ing to what has been already ex- 
plained, repel the two spirals witk 
^eqiial forces. If the spirals be 
removed from this position to the 
positions a' b', a', being nearer to 
8 than b', will be repelled by a 
greater force, and therefbre a' will 
be driven back towards A, and B^ 
towards B. In like manner, if 
they were removed to the positions 
a" b", the force repelling b" 
would be greater than that which 
repels a"^ and therefore b'' will be 
driven back to B, and a'' to A. 

It follows, therefore, that the position of equilibrium of A B is in 
this case such that the system will return to it after the slightest 
disturbance on the one side or the other, and is therefore stable. 

If the pole s were the north pole, it would attract both currents, 
and in that case a' would be more strongly attracted than b', and b'^ 
than a", and consequently the spirals would depart farther from the 
position A after the least disturbance. The equilibrium would there- 
fore be instable. 

It will be found, therefore, that when a north pole is presented 
before, or a south jpole behind, such a pair of spiral currents, the 
system, fig, 605., will, on the least disturbance from the position 
of instable equilibrium, turn on its axis 1/2/ through half a revolution, 
presenting the fronts of the currents to the south pole, and will there 
come to rest after some oscillations. 

In the position of stable equilibrium, the front of the currents 
must therefore be presented to the south pole of the magnet, or the 
back to the north pole. 

1957. Adaptation of an heliacal current to Ampere* s and Delor 
rivers apparatus.-^^\xe manner of adapting an heliacal current to 
Ampere's arrangement, fi^g, 564., is represented in fig, 608., and 
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dw mannor of adapting it to the fioadog method is reprcsontod i 
^.609. 




Fig. BO0. 

The positive wire is carried down from y, Jig. 608., and then coiled 
into an helix from the centre to the extremitj. Thence it is carried 
in a straight direction through the centre of the helix to the other 
extremity, from whence it is again conducted in heliacal coils back to 
die oentre, where it ia bent upwards and terminates at the negative 
pole y'. In one half of the helix the current therefore enters at the 
centre and issues from the extremity, and in the other half it enters 
at the extmmity and issues from the centre, 

K the helices be both right-banded, therefore, the -end from which 
the current issues will have the properties of a north, and that at 
which it enters those of a Boutb, magnetic pole. If they be both 
left-handed, this position of the poles will be reversed (1954). 

The wire which ia carried straight along the axis ueutraliies that 
component of the heliacal current, which is parallel to the axis, leav- 
ing only the drcotar elements effective (1951). 

These properties may be experimentally verified by presenting 
either pole of a magnetic bar to one or the other end of the heliacal 
current ~ The same attractiona and repulsions will be manifested as 
if the helix were a magnet. 

1958. Actum of an heliacal current on a •maffnetre needle placed 

m Us axit. — If HB" represent an heliacal current, the front of which 

looks towards A, a north magnetic 

pole placed anywhere in its axis, 

L either within the limits of the 

helix or beyond its oitremitics. 

Fig. 610. will be urged by a force directed 

from A towards c. between A 

and H it will be attracted by the combined forces of the fronts of all 

the oonvolutiona of the helix. Between H and h' it will be attracted 
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by the fronts of those convolutions which are to the left of it, and 
repelled by the backs of all those to its right. Beyond h' towards 
C, it will be repelled by the backs of all the convolutions. In all 
positions, therefore, it will, if free, be moved from right to left, or in 
a direction contrary to that towards which the front of the current 
is directed. 

If the pole were fixed and the current moveable, the helix would 
move from left to right, or in that direction towards which the front 
of the current looks. 

If a magnetic needle SN,^. 611., be placed in the centre of the 
axis of an heliacal current, with its poles equidistant from the ex-^ 

tremities, the south pole s being 
F _ B presented towards that end f to 

which the front of the currents 
looks, it will be in equilibrium, 
the pole N being repelled tOr 
wards b, and the pole s towards 
F by equal forces; for in this 
case the pole N will be attracted 
towards b by all the convolu- 
tions of the helix between n and 
B, and will be repelled in the same direction by all the convolutions 
between n and f; while the pole s will in like manner be a.ttracted 
towards F by all the convolutions between s and F, and repelled in 
the same direction by all the convolutions between s and B. 

The needle SN, being thus impelled .by two equal forces directed 
from its centre, will be in stable equilibrium. 

If the directions of the poles were reversed, they would be im- 
pelled by two equal forces directed from its extremities towards its 
centre, and the equilibrium would be instable. 

When the magnetic needle is sufficiently light, and the heliacal 
current sufficiently powerful, a curious effect may be observed, if the 
needle be placed within the helix so as to rest upon the lower parts 
of the wire. Before the current is transmitted, the needle will^rest 
on the wires under the position SN represented v^fig. 611.; but the 
moment the connexion with the battery is made, and s the current 
established, it will start up and place itself in the middle of the axis 
of the helix, as in the figure, where it will remain suspended in the 
nir without any visible support. 



Fig. 611. 
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CHAP. VI. 
ELECTRO-MAGNETIC INDUCTION. 

1959. Inductive effect of a voltaic current upon a magnet — ^The 
forces which a voltaic current impresses upon the poles of a perma- 
nent magnet^ being similar in all respects to those with which the 
same poles would be affected by another magnet, it may be expected 
that the natural magnetism of an unmagnetized body would be de- 
composed, and polarity imparted to it by the approach of a voltaic 
current, in the same manner as by the approach of a magnet. Expe- 
riment accordingly confirms this consequence of the analogy suggested 
by the phenomena. It is, in fact, found that a voltaic current is 
capable of decomposing the natural magnetism of magnetic bodies, 
and of magnetizing them as effectually as the most powerful magnets. 

Soft iron rendered magnetic hy voltaic cu7*rents. — If the wire 
upon which a voltaic current flows be immersed in filings of soft iron, 
they will collect around it, and attach themselves to it in the same 
manner as if it were a magnet, and will continue to adhere to it so 
long as the current is maintained upon it ; but the moment the con- 
nexions with the battery are broken, and the current suspended, they 
will drop off. 

Sewing needles attracted hy current — Light steel sewing needles 
being presented to the wire conducting a current will instantly be- 
come magnetic, as will be apparent by their assuming a position at 
right angles to the wire, as a magnetic needle would do under like 
circumstances. When the current is suspended or removed, 

Jf the needles will in this case retain the magnetism imparted 

ph to them. 

5! 1960. Magnetic indttction of an heliacal current — To 

j^ -^ exhibit these phenomena with greater effect and certainty. 



ft 



ff 



the needles should be exposed to the influence not of one, 

but of several currents, or of several parts of the same 

current flowing at right angles to them. This is easily 

effected by placing them within an heliacal current. 

Let a metallic wire coated with silk or other non-con- 

'M ductor be rolled heliacally on a glass tube, Jig. 612., and 

)^ the current being made to pass along the wire, let a needle 

S —J ^' ^^ ^^ ^*®®^ ^^ ^""*^ ^^^^ ^ placed within the tube. It 
f? will instantaneously acquire all the magnetism it is capable 
of receiving under these circumstances. 

On testing the needle it will be found that its boreal or 
south pole is at that end to which the front of the current 
Fig. 612. is presented; and, consequently, for a right-handed helix, 
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it will be towards the positive, and for a left-handed helix towards 
the negative pole. It appears, therefore, that the needle acquires a 
polarity identical with that which the helix itself is proved to 
possess. 

1961. Polarity produced hy the induction of heliacal current. — 
In the case of the right-handed helix, represented in fig. 612., the 
current passes in the direction indicated by the arrows, and 
consequently the austral pole will be at a and the boreal 
pole at h. In the case of the lefb-handed helix, ^. 613.^ 
the position of these poles a and h is reversed in relation 
-} to the direction of the current, but the boreal pole 6 is in 
both cases at that end to which the front of the current 
looks. 

1962. Consequent points produced. — If the helix be 
reversed once or oftener in passing along liie tube, bein^ 
alternately right-handed and left-handed, as represented in 
Jig. 614., a consequent point will be produced upon the bar 
at each change of direction of the helix. 
4i 1963. Inductive action of common electricity producet 
polarity. — It is not only by the induction of the voltaic 
current that magnetic polarity may be imparted. Dis- 
charges of common electricity transmitted along a wire, 
especially if it have the form of an helix, will produce like 
Fig. 613. effects. If the wire be straight, the influence is feeble. 
Sparks taken from the prime conductor produce sensible 
effects on very fine needles ; but if the wire be placed in actual con- 
tact with the conductor at one end and the cushion at the other, so 
that a constant current shall pass along it from the conductor to the 
cushion, no effect is produced. The effect produced by the 
spark is augmented as the spark is more intense and taken 
at a greater distance from the conductor. 
3§-« K the wire be formed into an helix, magnetic polarity will 
^ be produced by a continuous current, that is, by actually con- 
, necting the ends of the wire with the conductor and the 
cushion; but these effects are much more feeble than those 
produced under like circumstances by the spark. 

All these effects are rendered much more intense when 
the discharge of a ftyden jar, and still more that of a 
Leyden battery, is transmitted along the wire. When 
these phenomena were first noticed, it was assumed that 
^ T the polarity thus imparted by common electricity must 
^ necessarily follow the law which prevails in the case of a 
voltaic current, and that in the case of helices the boreal or 
f south pole would be presented towards the front of the 
current. Savary, however, showed that the effects of corn- 
Fig. 614. mon electricity obey a different principle, and thus ests^ 
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blished a fundamental distmotion between the voltaic current and the 
electric dischai^. 

1964. Conditions on which a needle is magnetized positively and 
negatively, — When an electric discharge is transmitted along a straight 
wire, a needle placed at right angles to the wire acquires sometimes 
the polarity of a magnetic needle, which under the influence of a 
voltaic current would take a like position ) that is to say, the austral 
or north pole will be to the right of an observer who looks at the 
needle from the current, his head being in the direction from which 
the current flows. The needle is in this case said to be magnetized 
jposiHvdy, When the opposite polarity is imparted to the needle, it 
is said to be magnetized negativdy. 

1965. Mesults of Savari/s experiments, — Savary showed that 
needles are magnetized by the discharge of common electricity, posi- 
tively or negatively, according to various conditions, depending on 
the intensity of the discharge, the length of the conducting wire, 
supposing it to be straight, its diameter, the thickness of the needles, 
and their coercive force. In a series of experiments, in which the 
needles were placed at distances from the current increasing by equal 
increments, the magnetization was alternately positive and negative ; 
when the needle was in contact with the wire, it was positive ; at a 
small distance negative, at a greater distance no magnetization was 
produced ; a further increase of distance produced positive magnetism ; 
and after several alternations of this kind, the magnetization ended 
in being positive, and continued positive at all greater distances. 

The namber and frequency of these alternations are dependent on 
the conditions above-mentioned, but no distinct law showing their 
relation to those conditions has been discovered. In general it may 
be stated, that the thinner the wire which conducts the current, the 
lighter and finer the needles, and the more feeble their coercive force 
is, the less numerous will be those periodical changes of positive and 
negative magnetization. It is sometimes found, that when these 
conditions are observed, the magnetization is positive at all distances, 
and that the periodic changes only aflect its intensity. 

Similar eflects are produced upon needles placed in tubes of wood 
or glass, upon which an heliacal current is transmitted. In these 
cases, the mere variation in the intensity of the discharge produces 
considerable effect. 

1966. Magnetism imparted to the needle affected hy the non- 
magnetic substance which surrounds it, — Savai y also ascertained a 
fact which, duly studied, may throw much light on the theory of 
these phenomena. The quantity of magnetism imparted to a needle 
by an electric discharge, and the character of its polarity, positive or 
negative, are aflected by the non-magnetic envelope by which the 
needle is surrounded. K a needle be inserted in the axis of a very 
tbick cylinder of copper, an heliacal current surrounding the cylinder 
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yn\i not impart magnetism to it. If the thickness of the copper en- 
velope be gradually diminished, the magnetization will be inanifested 
in a Bensible degree, end it will become more and more intense as the 
thickness of the copper is diminished. This increase, however, does 
not continue until the copper envelope disappeara, for whea the 
thickness is reduced to a certain limit, a more intense magnetization 
b produced than when the uncovered needle is placed within the 
helix. 

Envelopes of tin, iron, and ralver placed aronnd the needle are 
attended with analogous effects, that is to saj; when they consist of 
Tery thin leaf metal they increase the qoantity of magnetism which 
can be imparted to the needles by the current j but when the metallic 
envelope is much thicker, they prevent the action of the electric dis- 
charge altogether. Cylinders formed of metallic filings do not 
produce tliese effect«, while cylinders formed of alternate layers of 
melallic and non-metallic substances do produce them. It is inferred 
from this that solutions of continuity at right angles to the axis of 
the needle, or to that of the cylinder, have an influence on the 
phenomena. 

1967. Formation of powerful electro-magnett. — The indnetive 
effect of a spiral or heliacal current on soft iron is still more energetic 
thail on steel or other bodies having more or less coercive force. The 
property enjoyed by sdft iron, of suddenly acquiring magnetism from 
any external magnetizing agent, and as suddenly losing its magoetism 
upon the suspension of such agency, has supplied the means of pro- 
ducing the temporary magnets wbich^are known under the name of . 

ELECTRO-MAONETB. 

The most simple form of electro-magnet is represented iafig. 615. 
It is composed of a bar of soft iron bent into 
the form of a horse-shoe, and of a wire wrapped 
with silkr which is coiled first on one arm, 
proceeding from one extremity to the bend of 
the horse-shoe, aud then upon the other from 
the bend to the other extremity, care being 
taken that the convolutions of the spiral shaU 
follow the same direction, in passing from one 
leg to the other, since, otherwise, consequent 
points would be produced. An armature la 
applied to the ends of the horse-shoe, which 
Fig. eis. will adhere to them so long as a voltaic current 

flows upon the wire, but which will drop off 
the moment that such current is discontinued. 

1968. Conditions which determine ihe/orce of (he magnet. — The 
force of the electro-magnet will depend on the dimensions of the 
horao-ehoe and the armature, the intensity of the current, and tha 
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number rf eonvolalJona with which each leg of the horBe-shoe is 
wrapped. 

1969. Electro-magnet of Faculty n/ Sciencet at ParU.—la 1830- 
va electro-magnet of extmordiaary power was constructed acder the 
Eaperintendence of M. Fouillet at Paris. This apparatus, represented 
in^. 616., consiBtfl of two horae-ahoes, the legs of which are pre- 
BCDted to each other, the bends being turned in contrary directions. 
The superior horse-shoe is fixed in the 
frame of the apparatus, the inferior being 
I attached to a cross-piece which slides in 
I vertical grooves formed in the sides of 
\ the frame To this cross-piece a dish or 
^plateau is suspended in which weights are 
placed, bj the effect of which the attrac- 
tion which unites the two horse-shoes is at 
length overcome. Each of the two horse- 
shoes IS wrapped with 10,000 feet of 
covered wire, and they are so arranged 
that the poles of contrary Dames shall be 
in contact With a current of moderate 
iQtensitj the apparatus is capable of 
supporting a weight of several tons, 

1970. Form of declTo-magnels in general. — It ia fouud more 
oonvenient generally to construct electro-magnets of two straight bars 
of soft iron, united at one end by a straight bar transversa to them, 
and attached to them by screws, so that the form of the magnet 
oeaaea to be that of a horae-ahoe, the end at which the legs are united 
being not curved but square. The conductor of the heliacal current 
is usnally a copper wire of extreme tenuity. 

1971. Electro-nw,gn€tio poteer applied oi a mechanical agent. — ■ 
The property of electro-magnets by which they are capable of sud- 
denly acquiring and loung the magnetic force, has supplied tho 
meaoB of obtaining a mechanical agent which may ho applied as a 
mover of machinery. Ad electro-magnet and its armature, auch as- 
that represented in y^. 615., or two electro-magnets such as those 
jepresented in Jig. 616., are placed ao that when the electric current 
is saspended they will rest at a certain distance asunder, and when 
the cnrrent passes on the wire they will be drawn into contact by 
their mntoal attraction. When the current is again suspended they 
will separate. In this manner, by alternately suspendiog and trans- 
mittiDg the cnrrent on the wire which is coiled round the electro- 
magnet, the magnet and its armature, or the two magueta, receive an 
alternate motion to and from each other similar to that of the piston 
of a steam-engine, or the foot of a person who works the Ircddle of a 
lathe. This alternate motion is made t» produce one of continued 
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rotation by the same mechanical expedients as are used in the 
application of any other moving power. 

The force with which the dectro-magnet and its armature attract 
each other, determines the power of the electro-motive machine, just 
as the pressure of steam on the piston determines the power of a 
steam-engine. This force, when the magnets are given, varies with 
the nature and. magnitude of the galvanic pile which is employed. 

1972. Electro-motive power applied in the worhskop of M. Fro- 
ment — The most remarkable and beautiful application of electro- 
motive power as a mechanical agent which has been hitherto wit- 
nessed is presented in the workshops of M. Gustave Froment, of 
Paris, so celebrated for the construction of instruments of precision. 
It is here applied in various forms to give motion to the machines 
contrived by M. Froment for dividing the limbs of astronomical and 
surveying instruments and microscopic scales. The pile used for the 
lighter description of work is that of Daniel, consisting of about 24 
pairs. Simple arrangements are made by means of commutators, 
rheometers, and rheotropes, for modifying the current indefinitely in 
quantity, intensity, and direction. By merely turning an index or 
lever in one direction or another, any desired number of pairs may 
be brought into operation, so that a battery of greater or less inten- 
sity may be instantly made to act, subject to the major limit of the 
number of pairs provided. By another adjustment, the copper ele- 
ments of two or more pairs, and at the same time their zinc elements, 
. may be thrown into connexion, and thus the whole pile, or any por- 
tion of it, may be made to act as a single pair, of enlarged surface. 
By another adjustment, the direction of the currentTjan be reversed 
at pleasure. Other adjustments, equally simple and effective, are 
provided, by which the current can be turned on any particular ma- 
chine, or directed into any room that may be required. 

The pile used for heavier work, is a modification of Bunsen's 
charcoal battery, in which dilute sulphuric acid is used in the porous 
porcelain cell containing the charcoal, as well as in the cell contain- 
ing the zinc. By this expedient the noxious fumes of the nitric acid 
are removed, and although the strength of the battery is diminished, 
sufficient power remains for the purposes to which it' is applied. 

The forms of the electro-motive machines constructed by M. Fro- 
ment are very various. In some the magnet is fixed and the arma- 
ture moveable ; in some both are moveable. 

In some there is a single magnet and a single armature. The 
power is in this case intermittent, like that of a single acting steam- 
engine, or of the foot in working the treddle of a lathe, and the con- 
tinuance of the action is maintained in the same manner by the 
inertia of a fly-wheel. 

In other cases two electro-magnets and two armatures are com- 
bined, and the current is so regulated, that it is established on each 
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during tile intervals of its suspension on the other. This machine 
ia analogous in its .operation to the douhle-acting steam-engine, the 
operation of the power being continuous, the one magnet attracting 
its armature during the intervals of suspension of the other. The 
force of these machines may be augmented indefinitely, by. combining 
the action of two or more pairs of magnets. -^ 

Another variety of the application of this moving principle, pre- 
gents an anology to the rotatory steam-engine. Electro-magnets are 
fixed at equal distances round a wheel, to the circumference of which 
the armatures are attached at corresponding intervals. In this case 
the intervals of action and intermission of the currents are so regu- 
lated, that the magnets attract the armatures obliquely, as the latter 
approach them, the current, and consequently the attraction, being 
suspended the moment contact takes place. The effect of this is, 
that all the magnets exercise forces which tend to turn the wheel on 
which the armatures are fixed constantly in the same direction, and 
the force with which it is turned is equal to the sum of the forces of 
all the electro-magnets which act simultaneously. 

This rotatory electro-motive machine is infinitely varied, not only 
in its magnitude and proportions, but in its form. Thus in some 
the axle is horizontal, and the wheel revolves in a vertical plane ; in 
others the axle is vertical, and the wheel revolves in an horizontal 
plane. In some the electro-magnets are fixed, and the armatures 
moveable with the wheel ; in others both are moveable. In some 
the axlef of the wheel which carries the armatures is itself moveable, 
being fixed upon a crank or eccentric. In this case the wheel 
revolves within another, whose diameter exceeds its own by twice 
the length of the crank, and within this circle it has an hypocycloidal 
motion. 

Each of these varieties of the application of this power, as yet 
novel in the practical operations of the engineer and manufacturer, 
possesses peculiar advantages or convenience, which render it more 
eligible for special purposes. 

1973. Electro-motive maxihines cxmstructed hy him. — To render 
this general description of M. iFroment's electro-motive machines 
more clearly understood, we shall add a detailed explanation of two 
of the most efiicient and useful of them. 

In the machine represented in fig, 617., a and h are the two legs 
of the electro-magnet; c ^ is the transverse piece uniting them, 
which replaces the bend of the horse-shoe ; 6 / is the armature con- 
fined by two pins on the summit of the leg a (which prevent any 
lateral deviation), the end / being jointed to the lever g h, which is 
connected with a short arm projecting from an axis k by the rod i. 
When the current passes round the electro-magnet, the lever / is 
drawn down by the attraction of the leg h, and draws with it the 
lever g hjhj which i and the short lever projecting from the axis k 
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are also driven dowD. Attached to the same axia i is a longer arm 
m, which acis by a connecting rod n upon a crank o and a fly-wheel 
V. When the machine ia in motion, the lever g h and the armature 
/ attached to it recover their position by the momeDtum of the fly- 
wheel, after having been attracted downwards. When the current 
is agiiin established, the armature / and the lever g h are again 
attracted downwards, and the same cflecto ensue. Thus, during each 
half-revolution of the crank o, it ia driven by the force of the electro- 
magnet acting oaf, and during the other half-revolution it is carried 
round by the momentum of the fly-wheel. The current ia suspended 
at the moment the crank o arrives at the lowest point of its play, and 
is re-established when it returns to the highest point. The crank is 
therefore iropclled by the force of the magnet in the descending half 
of its revolution, and by the momentum of the fly-wheel in the 
aeoending half. 
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The oontrinnoe called a diitrilrutori by which the cnirent b alleiv 

nately establuhed and aaapended at the proper momeDts, is repre- 

BcQted in fig. 618., where .v represeatfi the tracsverse 

section of the axis of the fly-wheel; r, a apring which 

is kept in constiint contact with it; x, an ecceatric fixed 

on the same azia i/, and revolving with it and / another 

spring umilar to r, which ia acted upon by the ecccDtric, 

and is thus allowed to press against the axis y during 

" half the revolution, and removed irom oontact with it 

Fig. 618. doring the other half-revolution. When the spring r' 

presses on the axis y the current ia established; and 

when it is removed from it the current is suspended. 

It is evident that the action of this machine upon the lever attached 
to the azia k is ezactly aimilar to that of the foot oa the treddle of a 
lathe or a spinning-wheel; and ss in these oases, }be impelling force 
being intermittent, the action is unequal, the velocity being greater 
during the descending motion of the crank o than during its asccnd- 
tog motion. Although the inertia of the fly-wheel diminishes this 
inequality by absorbing a port of the moving power in the descend- 
ing motion, and restoring it to the crank in the ascending motion, it 
cannot altogether e&ce iL 

Another electro-motive machine of M. Froment is represented in 
elevaUoD in Jiff. 619., and in phn in Jii/. 620. This machine has 
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Ae advantage of prodaeing a perfectly regular motion of rotation, 
which it retuns for aereral hours without sensible change. 
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A dnnn, wbicb revnlres on a Tertlcal axis xy, carries on its dr- 
cnmferaDoe eight ban of soft iron a placed at eqnal distancea asnoder. 
These bars are attracted laterally, and alwaja in the same directJoo, 
by the intermitting action of six eleetro-ma^eta 6, mounted in a 
strong heiagonal frame of ciat iron, within which the drum revolves. 
The intervals of action and suspension of the current upon these 
magnets are so regulated that it is established upon each of them at 
the moment one of the bars of soft iron a is approaching it^ and it is 
suspended at the moment the bar begins to depart from it. Thus 
the attraction aoceleratee the motion of the drum upon tbe approach 
of the piece a towards the magnet 6, and ceases to act when tbe piece 
a arriTcs in &ce of b. The action of each of the sik impelling rorees 
upon each of the eight bars o( soft iron attached to the drum is thus 
intermitting, During each revolution of tbe drum, each of Ae eight 
^ bars a receives six impulses, and thwefbre the drum itself receives 




fig. 620. 

fortj-eigbt impulses. If we suppose the drum to make one revolu- 
tion in four seconds, it will therefore receive a succes^ou of impulses 
at intervals of the twelfth part of a second, which is practically equiv- 
alent to a continuous force. 

The inlervals of intermission of the current are regulated by a 
simple and iogenious apparatus. A metallic disc c is fixed upon the 
axis of rotation. Its Burfoce consists of sixteen equal divisions, the 
alternate divisions being coated with non-conducting matter. A 
metallic roller h, which carries the current, presses constantly on the 
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Borface of this disc, to which it imparts the current. Three other 
metallic rollers efg press against the edge of the disc, and, as the 
disc revolves, come alternately into contact with the conducting and 
non-conducting divisions of it. When they touch the conducting 
divisions, the current is transmitted; when they touch the non-con- 
ducting divisions, the current is interrupted. 

Each of these three rollers efg is connected by a conducting 
wire with the conducting wires of two electro-magnets diametrically 
opposed, as is indicated in^. 620., so that the current is thus alter- 
nately established and suspended on the several electro-magnets, as 
the conducting and non-conducting divisions of the disc pass the 
rollers c, /, and g. 

M. Froment has adapted a regulator to this machine, which plays 
the part of the governor of the steam-engine, moderating the force 
when the action of the j>il6 becomes too strong, and augmenting it 
when it becomes too feeble. 

A divided circle m Uyfig, 619., has been annexed to the machine 
at the suggestion of M. Irouillet, by which various important physical 
experiments may be performed. 

1974. Applied as a sonometer. — This machine has been applied 
with much success as a sonometerj to ^ascertain and register directly 
the number of vibrations made by sonorous bodies in a given time. 

1976. Momentary current hy induction. — If a wire A, on which 
a voltaic current is transmitted, be brought into proximity with and 
parallel to another wire B, the ends of which are in metallic contact 
either with each other, or with some continuous system of conductors, 
80 as to form a closed circuit, the electric equilibrium of the wire B 
will be disturbed by the action of the current A, and a current will 
be produced upon B in a direction opposite to that which prevails on 
A. This current will, however, be only momentary. After an in- 
stant the wire B will return to its natural state. 

If th/B wire a, still carrying the current, be then suddenly re- 
moved from the wire B, the electric equilibrium of B will be again 
disturbed, and as before, only for a moment; but in this case the 
current momentarily produced on B will have the same direction as 
the current on A. 

If the contact of the extremities of the wire b, or either of them 
with each other, or with the intermediate system of conductors which 
complete the circuit, be broken, the approach or removal of the cur- 
rent A will not produce these effects on the wire B. 

If, instead of moving the wire A to and from B, the wires, both in 
their natural state, be placed parallel and near to each other, and a 
current be then suddenly transmitted on A, the same effect will be 
produced on B as if A, already bearing the current, had been sud- 
denly brought into proximity with B. And in the same way it will 
be found that if the current established on A be suddenly suspended, 
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the same effect will be produced as if A^ still bearing the current, 
were suddenly removed. 

These phenomena may be easily exhibited experimentally, by con- 
necting the extremities of the wire A with a voltaic pile, and the 
extremities of B with the wires of a rheoscope. So long as the cur- 
rent continues to pass without interruption on A, the needle of the 
rheoscope will remain at rest, showing that no current passes on b. 
But if the contact of A with either pole of the pile be suddenly 
broken, so as to stop the current, the needle of the rheoscope will be 
- deflected for a moment in the direction which indicates a current 
mmilar in direction to that which passed on A, and which has just 
been suspended ; but this deflection will only be momentaiy. The 
needle will immediately recover its position of rest, indicating that 
the cause of the disturbance has ceased. 

If the extremity of A be then again placed fluddenly in contact 
with the pile, so as to re-establish the current on A, the needle 
of the rheoscope will again be deflected, but in the other direction, 
showing that the current produced on B is in the contrary direction 
to that which passes on A, and, as before, the disturbance will 
only be momentary, the needle returning immediately to its position 
of rest. 

These momentary currents are therefore ascribed to the inductive 
action of the current A upon the natural electricity of the wire B, 
decomposing it and causing for a moment the positive fluid to move 
in one direction, and the negative in the other. It is to the sudden 
presence and the sudden absence of the current A, that the phenomena 
^ must be ascribed, and not to any action depending on the commence- 
ment of the passage of the current on A, or on its discontinuance, be- 
cause the same effects are produced by the approach and withdrawal 
of A while it carries the current, as by the transmission and discon- 
tinuance of the current upon it. 

1976. Experimental illustration. — The most convenient form of 
apparatus for the experimental exhibition of these momentary cur- 
rients of induction, consists of two wires wrapped with silk, which are 
coiled round a cylinder or roller of wood or metal, as represented in 
Jig. 621. The ends are separated in leaving the roller, so that those 

of one wire may be carried to the 
pile, and those of the other to the 
rheoscope. The effect of the in- 
ductive action is augmented in 
proportion to the length of the 
fwires brought into proximity, other 
things being the same. It is found 
that the wire B, which receives the 
inductive action, should be much 
Fig. 621. finer and longer than that, A, which 
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bears the primary current. Thus, for example, while 150 feet of 
wire No. 18. were used for A, 2000 feet of No. 26. were used for B. 
The effect of the induction is greatly augmented by introducing a 
cylinder of soft iron, or, still better, a bundle of soft iron wires, into 
the oore of the roller. The current on A renders this mass of soft 
iron magnetic, and it reacts by induction on the wires conducting the 
currents. 

1977. Momentary currents produced hy magnetic induction. — 
Since, as has been shovrn, a magnetic bar and an heliacal current are 
interchangeable, it may naturally be iuferred that if an heliacal cur- 
rent produces by induction momentary currents upon an heliacal wire 
pJaeed in proximity with it, a magnet must produce a like effect. 
Experiment has accordingly confirmed this inference. 

1978. Uxperimental illustrations. — Let the extremities of a 
covered wire coiled on a roller, Jig. 622., be connected with a rheo- 

scope, and let the pole of a magnet a B be 
suddenly inserted in the core of the coil. A 
momentary deflection of the needles will be 
produced, similar to that which would attend 
the sudden approach of the end of an heliacal 
current having the properties of the magnetic 
pole which is presented to the coil. Thus the 
boreal pole will produce the same deflection 
as the frmit^ and the austral pole as the 5adSr 
of an heliacal current. 

In like manner, the sudden remoyal of a 

magnetic pole from proximity with the. heliacal 

, wire will produce a momentary current on the 

wire, similar to that which would be produced 

by the sudden removal of an heliacad current 

having like magnetic properties. 

The sudden presence and absence of a magnetic pole within the 

eoil of wire on which it is desired to produce the induced current 

may be caused more conveniently and effi- 
ciently by means of the effects of magnetic 
induction on soft iron. The manner of apply- 
ing this principle to the production of the 
induced current is as follows : — 

Let a hyfig. 623., be a powerful horse-shoe 
magnet, over which is placed a similar shoe of 
soft iron, round which the conducting wire is 
coiled in the usual manner, the direction of 
the coils being reversed in passing from one 
leg of the horse-shoe to the other, so that the 
current in passing on each leg may have its 
Fig. 623. front presented in opposite directions. The 
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extremities of the wire are connected with those of a rheoscope at a 
sufficient distance from the magnet to prevent its indications from 
being dis^rbed by the influence of the magnet. 

If the poies a ^ of the magnet be suddenly brought near the ends 
of the legs of the horse-shoe m on, the needle of me rheoscope will 
indicate the existence of a momentary current on the coil of wire, 
the direction of which will be opposite to that which would charac- 
terize the magnetic polarity imparted by induction to the horse-shoe 
men. If the magnet a & be then suddenly removed, so as to 
deprive the horse-shoe m o n of its magnetism, the rheoscope will 
again indicate the existence of a momentary current, the direction of 
which will now, however, be that which characterizes the polarity 
imparted to the horse-shoe men. 

It appears, therefore, as might be expected, that the sudden de- 
composition and recomposition of the magnetic fluids in the soft iron 
contained within the coil has the same effect as the sudden approach 
and removal of a magnet. 

1979. IndtLctive effects proditced hy a permanent m>agnet revolving 
under an electro-magnet — If the magnet a h were mounted so as 
to revolve upon a vertical axis passing through the centre of its bend, 
and therefore midway between its legs, its poles might be made to 
come alternately under the ends of the horse^shoe m o n, the horse- 
shoe men being stationary. During each revolution of the magnet 
a h, the polarity imparted by magnetic induction to the horse-shoe 
would be reversed. When the austral pole a passes under m, and 
therefore the boreal pole under w, m would acquire boreal and n austral 
polarity. After making half a revolution h would come under m, 
and a under n, and m would acquire by induction austral and n 
boreal polarity. The momentary currents produced in the coils of 
wire would suffer corresponding changes of direction consequent as 
well on the commencement as on the cessation of each polarity, 
austral and boreal. 

To trace these vicissitudes of the inductive current produced jipon 
the wire, it must be considered that the commencement of austral 
polarity in the leg m and that of boreal polarity in the leg w, give 
the same direction to the momentary inductive current, inasmuch as 
the wire is coiled on the legs in contrary directions. In the same 
manner it follows that the commencement of boreal polarity in w, 
and of austral polarity in n, produce the same inductive current. 

The same may be said of the direction of the inductive currents 
consequent on the cessation of austral and boreal polarity in each of 
the legs. The cessation of austral polarity in m, and of boreal po- 
larity in n, or the cessation of boreal polarity in m, and of austral 
polarity in n, produce the same inductive current. It will also fol- 
low, from the effects of the current and the reversion of the coils in 
passing from one leg to the other, that the inductive current pro- 
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dnoed by the cessation of either pokritj on one leg of m. o m mil 
have the same direction as that produced by the commencement of 
the same polarity in the other. 

If the magnet a h were made to revolve under m c ^^ it would 
therefore fi^ow that during each revolution four momentary currents 
would be produced in the wire, two in one direction during one semi- 
revolution^ and two in the contrary direction during the other semi- 
revolution. In the intervals between these momentary currents the 
wire would be in its natural state. 

It has been stated that if the extremities of the wire were not in 
metallic contact with each other, or with a continuous system of 
conductors, these inductive currents would not be produced. This 
condition supplies the means of producing in the wire an intermitting 
inductive current constantly in the same direction. To accomplish 
this, it will be only necessary to contrive means to break the contact 
of either extremity of the coil with the intermediate conductor during 
the same half of each successive revolution of the magnet. By this 
expedient the contact may be maintained during the half-revolution 
in which Ihe commencement of austral polarity in the leg m, and of 
boreal in the leg n, and the cessation of boreal polarity in the leg m, 
and of anstral in the leg n, respectively take place. All these 
changes produce momentary currents having a common direction. 
The contact being broken during the other semi-revolution, in which 
the commencement of boreal polarity in m, and of anstral in n, and 
the cessation of austral polarity in m, and of boreal in 71, respectively 
take place, the contrary currents which would otherwise attend these 
changes will not be produced. 

1980. Use of a contact breaker. — If it be desired to reverse the 
direction of the intermitting current, it will be only necessary to con- 
trive a contact breaker which will admit of such an adjustment that 
the contact may be maintained at pleasure, during either semi-revo- 
lution of the magnet a b, while it is broken during the other. 

1981. Magneto-electric machines, — Such are the principles on 
which is founded the construction of magneto-electric machines, one 
form of which is represented in fig, 624. The purpose of this appa- 
ratus is to produce by magnetic induction an intermitting current 
constantly in the same direction, and to contrive means by which the 
intervals of intermission shall succeed each other so rapidly that the 
current shall have practically all the effects of a current absolutely 
continuous. 

A powerful compound horse-shoe magnet A is firmly attached by 
bolts and screws upon an horizontal bed, beyond the edge of which 
its poles a and & extend. Under these is fixed an electro-magnet 
X Yf with its legs vertical, and mounted so as to revolve upon a ver^ 
tical axis. The covered wire is coiled in great quantity on the legs 
Z T, the direction of the coils being reversed in passing from one leg 
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to the other; so that if a voltalo carreat were tntDBmitted upon it, 
the ends X and T would acqaire opposite polarities. 

The axis upon which this electro-magnet revolves has upon it a 
small grooved wheel /, which 19 coQnected bj an endless cord or 
band n, with a large wheel a driven by a handle m. The relative 
diameters of the wheeb r aod/ia such that an extremely rapid rota- 
tion can be imparted to X T b j the hand applied at m. 

The two extremities of the wire proceeding from the legs X and 
T are pressed by springs against the surfaoes of two rollers, c and d, 
fixed upon the axis of the electro-magnet. These rollers themselves 




Fig. S24. 



1 a pair of handles P and h, to which 
the wire of the electro-magaet xy will thus 



are in metallic ci 
the current evolved i 
be conducted. 

If the electro-magnet XT be now put in rotation by the handle 
m, the handles p and N being connected by any continuous conduc- 
tor, a system of intermitting and alternately contrary currents will 
, be produced in the wire and ia the conductor by which the hiuidiea 
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p and N are oonneoted. But if the rollers c and (f arc so contrived 
that the contact of the ends of the wire with them shall be only 
maintained daring a semi-revolution in which the intermitting cur- 
rents have a common direction, then the current transmitted through 
the conductor connectmg the handles p and n will be intermitting, 
but not contrary ; and by increasing the velocity of rotation of the 
electro-magnet XY, the intervals of intermission may be made to suc- 
oeed each other with indefinite celerity, and the current will thus 
acquire all the character of a continuous current. 

The contrivances by which the rollers c and d are made to break 
the eonjbact, and re-establish it with the necessary regularity and cer- 
tainty, are various. They may be formed as eccentrics^ so as to 
approach to and recede from the ends of the wire as they revolve, 
touching them and retiring from them at the proper moments. Or, 
being circular, they may consist alternately of conducting and non- 
conducting materials. Thus one half of the surface of such roller 
may be metal, while the other is wood, horn, or ivory. When the 
end of the wire touches the latter the current is suspended, when it 
touches the former it is maintained. 

1982. Effects of this machine — its medical use. — All the usual 
effects of voltaic currents may be produced with this apparatus. If 
the handles P and n be held in the hands, the arms and body become 
the conductor through which the current passes from p to N. If XY 
be made to revolve^ shocks are felt, which oecome insupportable when 
the motion of XY acquires a certain rapidity. 

If it be desired to give local shocks to certain parts of the body, 
the hands -oi the operator, protected by non-conducting gloves, direct 
tha knobs at the ends of the handles to the parts of the body between 
which it is desired to produce the voltaic shock. 

1983. Inductive effects of the successive convolutions of the same 
helix, — ^The inductive effect produced by the commencement or ces- 
sation of a current upon a wire, forming part of a closed circuit placed 
near and parallel to it, would lead to the inference that some effect 
may be produced by one coil of an heliacal current upon another at 
the moment when such current commences or ceases> At the mo- 
ment when the current commences, it might be expected that the 
inductive action of one coil upon another, having a tendency to pro- 
duce a momentary current in a contrary direction, would mitigate the 
initial intensity of the actual current, and that at the moment the 
current is suspended the same inductive action, having a tendency to 
produce a momentary current in the same direction, would, on the 
contrary, have a tendency to augment the intensity of the actual, 
current. 

The phenomena developed when the contact of a closed circuit 
is made or broken, are in remarkable accordance with these antici- 
pations. 
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If the wires which conneci the poIei» of an ordiilaty file, consist- 
ing of a dozen pairs, be separated or brought together, a very feeble 
spark will be visible, and no sensible change in the intensity of thiB 
spark will be produced when the length of the wire compnrang the 
circuit is augmented so much as to amount to 150 or 200 yards. If 
this wire be folded or coiled in any manner, so long as the parts com- 
posing the folds or coils are distant from each other by a quarter of 
an inch or more, no change of intensity will be observed. But if 
the wire be coiled round a roller or bobbin, so that the successive 
oonvolutions may be only separated from each other by the thickness 
of the silk which covers them, a very remarkable e&ct wilL efisiie. 
The spark produced when the extremities of the wire are brought 
together will still be faint; but that which is manifest when, aft» 
having been in contact, they are suddenly separated, will have an 
incomparably greater length, and a tenfold or even a hundredfold 
splendour. The shock produced, if the ends of the wire be held in 
the hands when the contact is broken, has also a great intensity. 

1984. affects of movnentary inductive currents produced upon re- 
volviny metallic discs : researches o/Aroffo, Merschd, BabbagCf and 
Faraday. — ^It was first ascertained by Arago that if a circular disc 
of metal revolve round its centre in its own plane under a magnetio 
needle, the needle will be deflected from the magnetic meridian, and 
the extent of its deflection will be augmented with the velocity of 
rotation of the disc. By increasing gradually that velocity, the 
needle will at length be turned to a direction at right angles to the 
magnetio meridian. If the velocity of rotation be stul more increased, 
the needle will receive a motion of continuous rotation round its 
centre in the same direction as that of the disc. 

That this fact does not proceed from any mechsmical action of the 
disc upon the intervening stratum of air, is proved by the fact that 
it is produced in exactly the same manner where a screen of thin 
paper is interposed between the needle and the disc. 

Sir John Herschel and Mr. Babbage made a series of experiments 
to determine the relative power of discs composed of different metals 
to produce this phenomenon. Taking the action of copper, which 
is the most intense, as the unit, the following are the relative forces 
determined for discs of other metals : — 



Copper 1-00 

Zinc 0-93 

Tin 0-46 



Lead 0*25 

Antimony 0*09 

Bismuth 0*02 



Professor Barlow ascertained that iron and steel act more energeti- 
cally than the other metals. The force of silver is considerable, that 
of gold very feeble. Mercury holds a place between antimony and 
bismuth. 

Herschel and Babbage found that if a slit were made in the direc- 
tion of a Radius of the disc it lost a great part of its force ; bat that 
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when the edges of such a slit were soldered together with any other 
metal, even with bismuth, which itself has a very feeble force, the 
disc recovered nearly all its force. 

The motion of rotation of the needle is an effect which would 
result from a force impressed upon it parallel to the plane of the 
disc and at right angles to its radii. It was also ascertained, how- 
ever, that the disc exercises on the needle forces parallel to its own 
plane in the direction of its radii, and also perpendicular to its 
plane. 

A magnetic needle, mounted in the manner of a dipping-needle, 
80 as to play on a^horizontal axis in a vertical plane, was placed over 
the revolving disc, so that the plane of its play passed through the 
centre of the disc. The pole of the needle which was presented 
downwards was attracted to or repelled from the centre of the disc 
according to its distance from that point. Placed immediately over 
the centre, no e&ct, either of attraction or repulsion was manifested. 
As it was moved from the centre along a radius, attraction to the 
centre was manifested. This attraction was diminished rapidly as 
the distance from the centre was increased, and, at a certain point, 
it became nothing, the pole of the needle resting in its natural posi- 
tion. Beyond this distance repulsion was manifested, which was 
continued even beyond the limits of the disc. These phenomena 
indicate the action of a force directed parallel to the plane of the disc 
and in the direction of its radii. 

A magnetic needle was suspended vertically by one of its extrem- 
ities, and, being attached to the arm of a very sensitive balance, was 
accurately counterpoised. It was then placed successively over dif- 
ferent parts of the disc, and was found to be every where repuhed, 
whichever pole was presented downwards. These phenomena indi- 
cate the action of a repulsive force directed at right angles to the 
plane of the disc. 

All these phenomena have been explained with great clearness 
and felicity by Dr. Faraday, by the momentary inductive currents 
produced upon the disc by the action of the poles of the magnet, and 
the reaction of those currents on the moveable poles themselves. By 
the principles which have been explained (1977), it will be apparent 
that upon the parts of the disc which are approaching either pole of 
the magnet, momentary currents will be produced in directions con- 
trary to those which would prevail upon an electro-magnetic helix 
substituted for the magnet, and having a similar polarity ; while upon 
the parts receding from the pole, momentary currents will be 
produced^ having the same direction. 

These currents will attract or repel the poles of the magnet accord- 
ing to the principles explained and illustrated in (1977) ; and thus 
all the motions, and all the attractions and repulsions described above, 
will be easily understood. 

n. 31 



862 VOLTAIC BLBCTBICITT. 



CHAP. VII. 
INFLUENCE OF TERRESTRIAL MAGNETISM ON VOLTAIC CURRENTS. 

rl985. Direction of the earth* 8 magnetic attrdction, — The laws 
which regulate the reciprocal action of magnets and currents in 
general being understood^ the investigation of the effects produced bj 
the earth's magnetism on voltaic currents becomes easy, being nothing 
more than the application of these laws to a particular case. It has 
been shown that the magnetism of the earth is such, that in .the 
northern hemisphere the austral pole of a magnet freely suspended 
b attracted in the direction of a line drawn in the plane of the mag- 
netic meridian; and inclined below the horizon at an angle which 
increases gradually in going from the magnetic equator, where it is 
nothing, to the magnetic pole, where it is 90°. In this part of 
Europe the direction of the lower pole of the dipping-needle, and 
therefore of the magnetic attraction of the earth, is that of a line 
drawn in the magnetic meridian at an angle of about 70^ below the 
horizon, and therefore at an angle of about 20°, with a vertical line 
presented downwards. 

1986. In this part of the earth it corresponSs to that of the boreal 
pole of an artificial magnet — Now, since the magnetism of the 
earth in this part of the globe attracts the austral pole of the needle, 
it must be similar to that of the boreal or southern pole of an artificial 
magnet (1656.) To determine, therefore, its effects upon currents, 
it will be sufficient to consider it as a southern magnetic pole, placed 
below the horizon in the direction of the dipping-needle, at a distance 
so great that the directions in which it acts on all parts of the same 
current are practically parallel. 

1987. Direction of the force impressed hy it upon a current, — 
To ascertain the direction, therefore, of the force impressed by terres- 
trial magnetism on a current, let a line be imagined to be drawn 
from any point in the current parallel to the dipping needle, and let 
a plane be imagined to pass through this line and the current. 
According to what has been explained of the reciprocal action of 
magnets and currents, it will follow that the direction of the force 
impressed on the current will be that of a line drawn through the 
same point of the current perpendicular to this plane. 

Let c c', Jig. 625., be the line of direction of the current, and 
draw P parallel to the direction of the dip. Let L R be a line drawn 
through 0, at right angles to the plane passing through o P and c c'. 
This line will b<^ the direction of the force impressed by the magnetism 
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Fig. 625. 



of the earth on the current c c . If the 
current pass from c to (Z, this force will 
be directed from o towards L^ since the 
effect produced is that of a southern 
magnetic pole placed in the line o p. If 
the current pass from (Z to c, the direc- 
tion of the force impressed on it will be 
from o towards R (1918). 

It foUowS; therefore, that the force 
which acts upon the current is always in 
a plane perpendicular to the dipping- 
needle. This plane intersects the hori- 
zontal plane in a line directed to the 
magnetic east and west, and therefore perpendicular to the magnetic 
meridian; and it intersects the plane of the magnetic meridian in 
h line directed north and south, making, in this part of the earth, aa 
angle with the horizon of 20^ elevation towards the north, and 
depreission towards the south. 

1988. Effect of terrestrial magnetism on a vertical current — If 
the current be vertical, the plane passing through its direction and 
that of the dipping-needle will be the magnetic meridian. The force 
impressed upon the current will therefore be at right angles to the 
plane of the magnetic meridian, and directed eastward when the 
current deacendSf and westward when it ascends. 

1989. Effect upon a horizontal current directed north and south, — 
If the current be horizontal, and in the plane of the magnetic meri- 
dian, and therefore directed in the line of the magnetic north and 
Bouth, the force impressed on it will be directed to the magnetic east 
and west, and will therefore be also horizontal. It will be directed 
to the east, if the current pass from north to south ; and to the west^ 
if it pass from south to norths This will be apparent, if it be con- 
^dered that the effect of the earth's magnetism is that of a south 
magnetic pole placed helow the current. 

1990. Case of an horizontal current directed east and west. — If 
the current be horizontal and at right stngles to the magnetic meri- 
dian^ the force impressed on it will be directed north and south in 
the plane of the magnetic meridian, and inclined to the horizontal 
plane at an angle of 20^ in this part of the earth. This may be 
resolved into two forces, one vertical and the other horizontal (154). 
The former will have a tendency to remove the current from the 
horizontal plane, and the latter will act in the horizontal plane in the 
direction of the magnetic north and south. It will be directed from 
the south to the north, if the current pass from west to east, and from 
the north to the south, if the current pass from ea^t to west. This 
will also be apparent, by considenng the, effect produced upon a 
horizontal current by a south magnetic pole placed below it. 
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1991. Caie of a Tuyrizontal current in any intermediate direc* 
turn. — ^If a horizontal current have any direction intermediate between 
the magnetic meridian and a plane at right angles to it, the force 
impressed on it; being s^ill at ri^ht angles to the dipping-needle, and 
being inclined to the horizontal plane at an angle less than 20°, may 
be resolved into other forces (154), one of which will be at right 
angles to the current, and will be directed to the left of the current, 
as viewed from below by an observer whose head is in the direction 
from which the current passes (1918). 

1992. Ijffect of the earth's magnetism on a vertical current which 
turns round a vertical axis, — It follows, from what has been here 
proved, that if a descending vertical rectilinear current be so sus- 
pended as to be capable of turning freely round a vertical axis, the 
earth's magnetism will impress upon it a force directed from west to 
east in a plane at right angles to the magnetic meridian ) and it will 

.therefore move to such a position, that the plane passing through 
the current and the axis round which it moves shall be at right 
angles to the magnetic meridian, the current being to the ea^t of the 
axis. 

If the current ascendj it will for like reasons take the position in 
the same plane to the west of the axis, being then urged by a force 
directed from ecLst to west 

1993. Effect on a current which is capable of m/yoing in a hori- 
zontal plane. — If a vertical current be supported in such a manner 
that, retaining its vertical direction, it shall be capable of moving 
freely in a horizontal plane in any direction whatever, as is the case 
when it floats on the surface of a liquid, the earth's magnetism will 
impart to it a continuous rectilinear motion in a direction at right 
angles to the plane of the magnetic meridian, and directed eastward 
if the current descend, and westward if it ascend. 

If a horizontal rectilinear current be supported, so as to be capable 
of revolving in the horizontal plane round one of its extremities as a 
centre, the earth's magnetism will impart to it a motion of continued 
rotation, since it impresses on it a force always at right angles to the 
current, and directed to the same side of it. If in this case the 
current flow towards the centre round which it revolves, the rotation 
imparted to it will be direct; if from the centre, retrograde, as viewed 
from above (1920). 

1994. Experimental illustrations of these effects, — Pouillet^s 
apparatus. — A great variety of experimental expedients have been 
contrived to verify these consequences of the principle of the influence 
of terrestrial magnetism on currents. 

To exhibit the efiects of the earth's magnetism on vertical cur- 
rents, M. Pouillet contrived an apparatus consisting of two cir- 
cular canals, represented in their vertical section, in fig, 626., 
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Fig. 620. 



k' one placed above the other, the lower canal having 
a greater diameter than the upper. In opening 
in the centre of these canals a metallic rod t is 
fixed in a vertical position^ su^orting a mercurial 
cup c. A rod h h! ^ composed of a non-conducting 
substance, is supported in the cup c by a point at 
its centre. The vertical wires v t/ are attached 
to the ends of the rod h K, and terminate in points, 
which are turned downwards, so as to dip into 
the liquid contained in. the upper canal, while their 
lower extremities dip into the liquid contained in 
the lower canal. A bent wire connects the mer- 
cury contained in the cup c with the liquid in 
the upper canal. 

The liquid on the upper and lower canals is acidulated water or 
mercury. If the liquid in the lower canal be put in communication 
with the positive, and the rod t with the negative pole, the current 
will pass from that canal up the two vertical wires v t/, thence to the 
liquid in the upper canal, thence by the connecting wire to the mer- 
cury in the cup c, and thence by the rod t to the negative pole. 

By this arrangement the two vertical currents v v', which both 
ascend, are moveable round the rod ^ as an axis. 

When this apparatus is left to the influence of the earth's mag- 
netism, the currents v t/ will be affected by equal and parallel forces 
directed westward at right angles to the magnetic meridian (^1988). 
The equal and parallel forces being at equal distances from the axis 
ty will be in equilibrium in all positions (421), and the wires will 
therefore be astatic (^1695). 

If the point of the wire v' at h' be raised from the upper canal, 
the current on v' will be suspended. In that case, the wire v being 
impelled by the terrestrial magnetism westward at right angles to 
the magnetic meridian, the system will take a position at right angles 
to that meridian, the wire on which the current passes being to the 
west of the axis t If the point at h' be turned down so as to dip 
into the liquid, and the point at h be turned up so as to suspend the 
current on h and establish that on A', the system will make half a 
revolution and will place the wire h' on which the current runs to 
tibe west of t. 

If by the rheotrope the connexions with the poles of the battery 
be reversed, the currents on v t/ will descend instead of ascending. 
In that case the system will be astatic as before, so long as both 
currents are established on the wires v i/. But if the connexion of 
either with the superior canal be removed, the wire on which *the 
remaining current passes being impelled eastwards, the system will 
take a position in the plane of the magnetic meridian, the wire on 
which the current runs being east of the axis t 

31* 
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When the currents on the wires v i/ are both passing, the system 
will be astatic only so long as the currents are equally intense, and 
both in the same plane with the axis t If while the latter condition 
is fulfilled one of the wires be even in a small degree thicker than 
the other, it will carry a stronger current, and in that case it will 
turn to the magnetic east or west, according as the currents descend 
or ascend, just as though the current on the other wire were sup- 
pressed ; jfbr in this case the effective force is that due to the diffe- 
rence of the intensities of the currents acting on that which is the 
stronger. 

If the two wires be not in the same plane with the axis, the forces 
which act upon them being equal, and parallel to the plane of the 
magnetic meridian, the position of equilibrium will be that in which 
the plane passing through them will be parallel to the latter plane. 

The position of equilibrium will be subject to an infinite variety 
of changes, according as the plane of the wires v t/, their relative 
thickness, and their distances from the axis of rotation are varied, 
and in this way a great numbej of interesting experiments on the 
effects of the earth's magnetism may be exhibited. 

1996. Its applicatimi to show the effect of terrestrial magnetism 
on a horizontal current — To show experimentally the effect of the 

earth's magnetism on a horizontal current, 
. , M. Pouillet contrived an arrangement on a 

/ ^ H * || "X similar principle, consisting of a circular 
^jMiBSMjMSSB^ V/ canal, the vertical section of which is repre- 

'^ "I sented in fg. 627. A horizontal wire a h 

is supported by a point at its centre which 
Fig. 627. rests in a mercurial cup fixed upon a metal- 

lic rod, like ty fig, 626. The two points, a 
and hj project from the wire and dip into the liquid in the canal, 
the small weights c and d being so adjusted as to keep the wire a h 
exactly balanced. 

If the central rod be connected with the positive, and the liquid 
in the * canal with the negative pole, the current will ascend on the 
central rod, and will pass along the horizontal wire in both directions 
from its centre to the points a and ft, by which it will pass to the 
liquid in the canal, and thence to the negative pole. If by the 
rheotrope the connexions be reversed and the names of the poles 
changed, the current will pass from a and h to the centre, and thence 
by the central rod to the negative pole. 

In the former case, the wire a h will revolve with retrograde^ and 
in the latter with direct rotation, in accordance with what has been 
already explained G^l^). ,. ; ^^l' j^- vjf OJI^Y^'iIa^ 

1996. It& effect on vertical currenumSwt>\y Am'plre s apparatus. 
— K a rectangular current, such as that rq)resented in fig. 595., be 
suspended in Ampere's frame, fig. 564., it will, when left to the in- 
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flaenc^ of terrestrial magnetism, take a position at right angles to 
the magnetic meridian, the side on which the current descends heing 
to the east. For in this case the horizontal currents which pass on 
the upper and lower sides of the rectangle, heing contrary in direc- 
tion, will have a tendency to revolve, one with direct, and the other 
with retrograde motion round y y. These forces, therefore, neutralize 
each other. The vertical descending current will be attracted to the 
east, and the ascending current to the west (1992). 

1997. Its effects <m a circular current shown hy Amph'e^s appa^ 
ratus, — If^a circular current, such as that represented in Jig, 594., 
be suspended in Ampere's frame. Jig. 564., and submitted to the in- 
fluence of terrestrial magnetism, each part of it may be regarded as 
being compounded of a vertical and horizontal component. The 
horizontal components in the upper semicircle, flowing in a direction 
contrary to those in the lower semicircle, their eflbcts will neutralize 
each odier. The vertical components will descend on one side and 
ascend on the other. That side on which they descend will be at- 
tracted to the east, and that at which they ascend to the west ; and, 
coivsequently, the current will place itself in a plane at right angles 
to the magnetic meridian, its front being presented to the south. 

1998. Its effect on a circular or ^iral current shown hy Delarive's 
Jloating apparatus. — If a circular or spiral current be placed on a 
floating apparatus, it will assume a like position at right angles to the 
magnetic meridian, with its point to the south ; and the same will 
be true of any circulating current. 

1999. Astatic currents formed hy Amp^re^s apparatus. — To con- 
struct a system of currents adapted to Ampere's frame, which shall 
be astatic, it is only necessary so to arrange them that there shall be 
equal and similar horizontal currents running in contrary directions, 
and equal and similar vertical currents in. the same direction, and that 
the latter shall be at equal distances from the axis on which the sys- 
tem turns; for in that case the horizontal elements, having equal 
tendencies to make the system revolve in contrary directions, will 

equilibrate, and the vertical elements being 
affected by equal and parallel forces at equal 
distances from the axis of rotation, will also 
equilibrate. 

By considering these principles, it will be 
evident that the system of currents represented 
in Jig. 628., adapted to Ampere's frame. Jig. 
564., is astatic. 

2000. Effect of eariKs magnetism on spiral 

currents shoum hy Amplre^s apparatus. — If 

the arrangement of spiral currents represented 

in Jig. 605. be so disposed that the current 

Pig. 628. • after passing through one only of the two 
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Bpirals shall return to the negative pole, the earth's magnetism will 
affect it so as to bring it into such a position that its ]Sane will be 
at right angles to the magnetic meridian. If the descending currents 
be on the side of the spiral more remote from the axis of motion, 
the system will arrange itself so that the spiral on which the current 
flows shall be to the east of the axis. If the descending currents 
be on the side nearer to the axis, the spiral on which the current 
flows will throw itself to the west of the axis. In each case, the front 
of the current is presented to the magnetic south, and the descending 
currents are on the east side of the spiral. 

If the current pass through both spirals in Jig. 605., and their 
* fronts be on the same side, the earth's magnetism will throw them 
into the plane at ri^ht angles to the magnetic meridian, their fronts 
being presented to the south. 

If their fronts be on different sides, the system will be astatic, and 
will rest in any position independent of the earth's magnetism, which 
in this case will produce equal and contrary effects on the- two 



If the system of spiral currents represented in Jig, 606. be sus- 
pended in Ampere's frame, subject to the earth's magnetism, the 
fronts of the currents being on the same side of the two spirals, it 
will take such a position that the centres of the two spirals will be 
in the magnetic meridian, their planes at right angles to it, and the 
fronts of the currents presented to the south. If in this case the 
fronts of the currents be on opposite sides, the system will be 
astatic. 

2001. Ejff^ect on an horizontal current shown 5y PouiHefs appa- 
ratus, — The rotation of the horizontal current produced with the 
apparatus Jig. 627., may be accelerated, retarded, arrested, of in- 
verted by presenting the pole^)f an artificial magnet above or below 
it, at a greater or less distance. A south magnetic pole placed below 
it, or a north magnetic pole above, producing forces identical in 
direction with those produced by terrestrial magnetism, will accele- 
rate the rotation in a greater or less degree, according to the power 
of the artificial magnet, and the greater or less proximity of its pole 
to the centre of rotation of the current. 

A north magnetic pole presented below, or a south pole above the 
centre of rotation, producing forces contrary in their direction to 
those resulting from the earth's magnetism, will retard, arrest, or 
reverse the rotation according as the forces exerted by the magnet 
are less than, equal to, or greater than those impressed by terrestrial 
magnetism. 

If the system of currents represented in Jig, 629. be suspended on 
Pouillet's apparatus, represented in Jig. 626., it will receive a mo- 
tion of continued rotation from the influence of the earth's mag- 
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netism. In this case the vertical currents heing 
in the same direction will be in equilibrium 
(1994) ; and the horizontal currents passing either 
from the centre of the upper horizontal wire to 
the extremities, or vice versdy according to the 
mode of connexion, will receive a motion of rota- 
tion direct or retrograde (1995). This motion 
of rotation may be affected in the manner above 
described by the pole of a magnet applied in the 
centre of the lower circular canal, Jig. 626. 

2002. U^ect of terrestrial magnetism on an 
Fig. 629. heliacal current shown hy Ampere's apparattis, — 
An heliacal current such as that represented in 
fig, 608., being mounted on Ampere's frame, or arranged upon 
a floating apparatus, fig. 609., will be acted on by the earth's 
magnetism. The several convolutiops will, like a single circulat- 
ing current, take a position at rignt angles to the magnetic me- 
ridian, their fronts being presented to the south. The axis of the 
helix will consequently be directed to the magnetic north and south ; 
and it will, in fine, exhibit all the directive properties of a magnetic 
needle, the end to which the front of the currents is directed being 
its south pole. 

If such a current were mounted on a horizontal axis at right 
angles to the plane of the magnetic meridian, it would, under the 
influence of the earth's magnetism, take the direction of the dipping- 
needle, the front of the currents corresponding in direction to the 
south pole of the needle. 

2003. The dip of a current illustrated hy Ampere's rectangle. — 
The phenomenon of the dip may also be experimentally illustrated 
by Ampere's electro-magnetic rectangle, fig. 630., which consists of 
a horizontal axis a;y, which is a tube of wood or other non-conductor, 
at right angles to which is fixed a lozenge-shaned bar a z, composed 
abo of a non-conductor. Upon this cross is fixea the rectangle A B D o, 
composed of wire. The rectangle rests by steel pivots at m and n 
on metallic plates, which communicate by wires with the mercurial 
cups at s and R. These latter being placed in connexion with the 
poles of a voltaic battery, the current will pass from the positive 
cup s up the pillar and round the rectangle, as indicated by the 
arrows. At x it passes along a wire through the tube cc v to v, and 
thenoe by the steel point, the plate M, and the pillar, to the negative 
cap R. 

The axis M N being placed at right angles to the magnetic meri- 
dian, and the connexions established, the rectangle will be imme- 
diately affected by the earth's magnetism, and after some oscillations, 
will settle into a position At right angles to the direction of the 
dipping-needle. 
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In tliis case Hie foroes impressed by tke eurih's magnetism on tbe 
parts of the current forming the sides A o and B D; will pass through 




Fig. 630. 

the axis M n^ and will therefore be resisted. The forces impressed 
on A B and c D will be equal, and will act at the n^iddle points a 
and Zf at right angles to A B and o D, and in a plane at right angles 
to the direction of the dip. These forces will therefore be in direc- 
tions exactly opposed to each other when the line a z takes the 
direction of the dip; and will therefore be in equilibrium. 
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RECiPBQOAIi INFLUSNOB 01* YOLTAIO CURRENTS. 

2004. Results of Ampere's researches, — The mutual attraction 
and repulsion manifested between conductors charged with the eleo- 
tric fluids in repose, would naturally suggest the inquiry whether 
any analogous reciprocal actions would be manifested by the same 
fluids in motion. The experimental analysis of this question led 
Ampere to the discovery of a body of phenomena which he had the 
felicity of reducing to general laws. The mathematical theory raised 
upon these laws has supplied the means by which phenomena^ hitherto 
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foattered and unconnected, and ascribed to a diversity of agents^ aiv 
traced to a common sonrce. 

Althongh the limits within which a treatise so elementary as this 
manual is necessarily oonfioed excludes any detailed exposition of 
these beautifiil physico- mathematical researches, they cannot be 
altogether passed over in silence. We shall therefore give as brief 
an exposition of them as is compatible with their great importance, 
and that clearness without which all exposition would be useless. 

2005. Reciprocal action of rectilinear currents. — K two rectili- 
near ourrents be parallel, they will attract or repel each other accord- 
ing as they flow in the same or opposite directions. 

This is verified experimentally by the apparatus represented in 
fig, 631., which is on the principle of Ampere's frame. The mer- 
curial cup marked + receives the cur- 
rent from the positive pole. The cur- 
rent passes as indicated by the arrows 
upwards on the pillar i, and thence to 
the cup Xy from which it flows round 
the rectangle, returning to the cup y, 
and thence to the pillar v, by which it 
descends to the cup, which is connected 
with the negative pole. 

If the rectangle thus arranged be 
placed with its plane at any angle with 
the plane of the pillars t and v, upon 
which the ascending and descending 
currents pass, it will turn upon its axis 
until its plane coincides with the plane 
of the pillars t and i;, the side of the 
rectangle d e on which the current ascends being next the pillar ty 
on which it ascends. If by means of the rheotrope (1911) the con- 
nexion foe reversed, so that the current shall descend on t and d e, 
and shall ascend on v and h c, it will still maintain its position. But 
if the connexions at x and y be reversed, the connexions of the cups 
-f and — remaining unchanged, the current will descend on e d 
while it ascends on t, and will ascend on 5 c while it descends on v. 
In this case t will repel d e and attract h c, and v will repel h c and 
attract d e, and accordingly the rectangle will make a half revolu- 
^OD, and b c will place itself near t, and d e near v. 

2006. Action of a spiral or heliqcql current on a rectilinear cter- 
rent — A sinuous, spiral, or heliacal current, provided its convolu- 
tioDS are not considerable in magnitude, impresses on another current 
in its neighborhood the same force as a straight current would pro- 
dace, whose direction would coincide with the axis of the sinuous or 
spiral carrent. This is proved experimentally by the fact that a 
epinl current which has a returning straight current passing along 
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Fig. 632. 



its axis, will exercise no force either of attraction or repulsion on a 
straight curreut parallel to it. Now since on suspending the spiral 
current the straight current will attract or repel a parallel straight 
current, it follows that the spiral current exactly neuiralizes the effect 
of the straight current flowing in the opposite direction, and conse- 
quently it will be equivalent to a straight current flowing in the 
same direction. 

2007. Mutiial action of diverging or converging rectilinear air- 
rents, — Rectilinear currents which diverge from or converge to a 

common point mutually 
«f^^ c attract. Those^ one of 

which diverges, and the 
other converges, mutually 
repel; that is to say, if 
two rectilinear currents 
0' and cc^, Jig. 632., 
which intersect at o, both 
flow towards or from o, 
they will mutually attract ; 
but if one flow towards, and the other from o, they will mutually 
repel. The currents, being supposed to flow in the direction of the 
arrows, oc and oc will mutually attract, as will also oo' and o</ ; 
while (f and o c will repel, as will also o c and o c'. 

If the wires conducting the currents were 
moveable on o as a pivot, they would accord- 
ingly close, the angle c o c diminishing until 
they would coincide. 

2008. Experimental illustration of this. — 
This may be experimentally illustrated by the 
apparatus represented in fg. 633. in plane, 
and in fg. 634. in section, consisting of a 
circular canal filled with mercury or acidulated 
water separated into two parts by partitions 
at a and h. Two wires c d and ef suspended 
on a central pivot, move freely one over and 
independent of the other, like the hands of a 
watch, the points being at right angles, so as 
to dip into the canal. The' mercurial cup x being supposed to be 
connected with the positive, and y with the negative pole, the cur- 
rent passing to the liquid will flow along the 
wires as indicated by the arrows from the 
liquid in one section to that of the other, and 
will pass to the negative cup y. When the 
wires c d and ef thus carrjnng the current are 
left to their mutual influence, the angle they 
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form will closo^ and the directions of the wires will coincide, so that 
the currents shall flow in the same direction upon them. 

In these and all similar experiments, the phenomena will neces- 
sarily be modified by the effects produced by the earth's magnetism. 
In some cases the apparatus can be rendered astatic (1695) ; and 
in others, the effect due to the terrestrial magnetism being known, 
can be allowed for^ so that the phenomena under examination may 
be eliminated. 

2009. Mutual action of rectilinear currents which are not in the 
9ame jpktne. — If two rectilinear currents bo not in the same plane, 
their directions cannot intersect although they are not parallel. In 
this case a line may always be drawn, which is at the same time 
perpendicular to both. To assist the imagination in conceiving such 
a geometrical combination, let a vertical rod be supposed to be 
erected,. and from two different points of this rod let lines be drawn 
horizontally, but in different directions, one, for example, pointing to 
the north, and the other to the cast. If voltaic currents pass along 
two such lines, they will mutually attract, when they flow both to or 
both from the yertical rod; they will mutually repel, when one flows 
to the yertical rod and the other from it. 

' In either case the mutual action of such currents will have a ten- 
dency to turn them into the same plane and to parallelism. If they 
mutually attract, their lines of direction turning round the vertical 
line will take a position parallel to each other, and at the same side 
of that line. If they mutually repel, they will turn on the vertical 
line in contrary directions, and will take a position parallel to ea^h 
other, but at opposite sides of it. 

In Jig, 635., A B and c D represent two currents 
which are not in the same plane. Let p o be the 
line which intersects them both at right angles, and 
let planes be supposed to pass through their direc- 
tions respectively, which are parallel to each other, 
and at right angles to p o. If, in this case, c D be 
fixed and A B moveable, the latter will be turned 
■into the direction a b parallel to c D ; or if c D were 
Pig. 636. free and A B fixed, C D would take the position cd; 
if both were free they would take some position 
parallel to each other ; and if free to change their planes, they would 
mutually approach and coalesce. It follows from this, that if the 
direction of either of the two currents be reversed, the directions of 
the forces they exert on each other will be also reversed ; but if the 
directions of both currents be reversed, the forces they exert on each 
other will be unaltered. 

2010. Mutual action of differertt parts of the same current. — 
Different parts of the same current exercise on each other a repulsive 
force. This wiU follow immediately as a consequence of the general 
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prinoiple wliioh has been jodt establisbed. Since a fepnlrive aetion 
takes place between oo and oc\fig. 632.^ and guob action is inde* 
pendent of the magnitude of the angle o o </^ it will still take place, 
however great that angle may be, and will therefore obtain when the 
angle o t/ becomes equal to 180^ ; that is, when o c* forms the con- 
tinuation of o, or coalesces with o c/. Hence, between o and o d 
there eiists a mutually repulsive action. 

2011. Amp^r^s experimental verijication o/ thi8,---lDdej^iid0nAj 
of this demonstration, M. Ampere has reduced the repulsive action 
of different parts of the same rectilinear current to the following, 
experimental proof: — 

Let A B D, fif/, 636., be a glass or porcelain dish, separated into 
two divisions by a partition A o, also gf glass; and let it be filled with 

mercury on both sides of A o. lot 
a wire, wrapped with silk, be formed 
into two pandlel pieces, united l>y a 
semicircle whose j^ne is at ngtii 
angles to that of the straight par- 
allel parts, and let these two parallel 
straight parts be j^aoed floating on 
the surface of the mercury at each 
side xji the partition AO, oyer which 
the semicircle passes. The mercury in the divisions of die dish is 
in metallic communication with the mercurial cups E and F placed in 
the direction of the straight arms of the floating conductcnr. When 
the cups E and w are put in connexion with w/e poles of a voltaio 
battery, a current will pass from the positive cup to the end of the 
floating conductor, from that idong the arm of the conductor, then 
across the partition by the semicircle, then along the other floating 
arm, and from thence through the mercury to the negative cup. 
There is thus on each side of the partition a rectilinear current, one 
part of which passes upon the mercury, and the other part upon the 
atraight arm of the floating conductor. When the current is thus 
established, the floating conductor will be repelled to the remote side 

of the dish. This repulsion is effected by 
that part of the straight current which passes 
upon the mercury acting on that part which 
passes along the wire. 

2012. Action of an indejinite rectilinear 
current on a finite rectilinear current at 
right angles to it, — A finite rectilinear cur- 
^rent a h, fig. 637., which is perpendicular 
to an indefinite rectilinear current c d lying 
Fig. 63r. all at the same side of it, will be acted on 

by a force tending to move it parallel to 
itself, either in the direction of the indefinite current, or in the 
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oontrsry direction^ aooording to the relative direclioDs oIil the two 
ODireDts. 

If the finite current do not meet the indefinite cnrrent, let its line 
ci direction be produced till it meets it at a. Take any two points 
c and d on the indefinite current at equal distances from a, and draw 
the lines c h and dbto any point on the finite current. 

JFHrtt ccL8e. Let the finite current be directed towards the indefi- 
nite cnrrent Hence the point b will be attracted by d and repelled 
by e (20.07) ; and since db:=ch, the attraction will be equal to the 
repulsion. Let the equal lines b e and b/ represent this attraction 
and repulsion. By completing the rectangle, the diagonal b g will 
represent the resultant of these forces; and this line 6^ is parallel 
\si cdy and the resultant is contrary in direction to the indefinite 
ourrent 

The same may be proved of the action of all points on the indefi- 
nite current on the point b^ and the sum of all these resultants will 
be the total action of the indefinite current on b. 

The same may be proved respecting the action of the definite cur- 
rent on all the points of the indefinite current 

Hence the current a b will be urged by a system of forces acting 
aft all its points parallel to c ^, and in a contrary direction. 

Second case. Let the finite current be directed /rom the indefinite 
sorrent. The point b will then be attracted by c and repelled by d^ 
and the resultant bg^ will be contrary to its fonher direction. 

Hence the current a b will be urged by a system of fi)rees parallel 
to cdf and in the same direction as the indefinite cnrrent. 

Since the action of the two currents is reciprocal, the indefinite 
ourrent will be urged by a force in its line of direction, either ao- 
oording or contrary to its direction, as the finite current mua from or 
towards it 

2013. Case in which the indefinite current is circular. — If the 
indefinite current c dl be supposed to be bent into a circular form so 
as to 8^rround a cylinder, on the side of which is placed the vertical 
oorrent a 6, it is evident that the same reciprocal action will take 

place; but in that case the mo- 
tion imparted will be one of 
rotation round the axis of the 
cylinder as a centre. 

2014. Experimental verificor 
tion of these principles. — These 
principles are experimentally 
verified by the apparatus, fig. 
638., where azsb represents a 
ribbon of copper coated with 
silk and carried round the cop- 
Fig.^S38. * per cireular eanal v. k, <i«^- 
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ductor co»occts the mercurial cup c with the central metallic pillar 
which supports a mercurial cup p. In this cup the metallic point 
m is placed. The mercurial cup d is in metallic communication 
with the acidulated water in the circular canal v, A hoop of metal 
h is supported by the point m, by means of the rectangular wire, 
and is so adjusted that its lower edge dips into the liquid in the 
C9nal V. 

Let the mercury in a be connected with the positive pole of the 
battery, and the mercury in d with the negative pole. The current 
entering at a will pass round the circular canal upon the coated 
ribbon of copper, and, arriving at h, it will pass to c by a metallic 
ribbon or wire connecting these cups. From c it will pass to the 
central pillar, and thence to the cup p. It will then pass from m as 
a centre in both directions on the wire, and will descend to the 
hoop hj from which it will pass into the liquid in the canal v, and 
thence to the cup dj with which the liquid is in metallic commu- 
nication, and; in fine, from d it will pass to the negative pole of the 
battery. 

By this arrangement, therefore, a circular current flows round 
the exterior surface of the vase Vy while two descending currents 
constantly flow upon the wire at right angles to this circular current. 
The circular current being fixed, and the yertical <}urrents being 
moveable, the latter will receive a motion of continued rotation by 
the action of the former; and in the case here' supposed, this rota- 
tion will be in a direction contrary to the direction of the circular 
current. If the connexions be reversed by the rheotrope, the direc- 
tion of the circular current will be reversed, but at the same time 
that of the vertical currents. on the wire will be also reversed; and, 
consequently, no change will take place in the direction of the rota- 
tion. These changes of direction of the two currents neutralize each 
other. But if, while d is still connected with the negative pole, h 
be connected with the positive pole, the connexion between h and c 
being removed, and a connexion between a and c being established, 
then the direction of the circular current being from s to z will be 

reversed ; while that of the vertical currents remains 
still the same, the direction of the rotation will be 
reversed. 

2015. To determine in general the action of an 
indefinite rectilinear current on a finite rectilinear 

^ jD' current. — First. Let it be supposed that the finite 

current AB, fig. 639., has a length so limited that 
all its points may be considered as equally distant 
from the indefinite current, and therefore equally 
acted on by it. In this case the current A B may 
Fig. 639. be replnced by two currents, A D perpendicular and 
A c parallel to the indefinite current, and the action 
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of the indefinite current on ab will be equivalent to its^ combined 
actions on A D and A c. 

If A be supposed to be the positive end of the finite current, it 
will also be the positive end of the component currents A D and A 0. 
Supposing the indefinite current parallel to A C to run in the same 
direction as A c, then A D will be urged in the direction A o (2012), 
and A in the direction A c', by forces proportional to A D and A c. 
Hence, if ad'=ad, and ac'=ac, ad' and ac' will express in 
magnitude and direction the two forces which act on the component 
currents. The resultant of these two forces ad' and AO' will be 
the diagonal ^ A b'; which is evidently perpendicular to ab and equal 
to it. 

Secondly, Let the finite current have any proposed length, and 
from its positive end a, ^. 640.; let a line a o be drawn perpen- 
dicular to the indefinite current 
x'x, this current being sup- 
posed to run from x' to x. 

If the distance o A be greater 
than A B, that current A B, 
whatever be its position, will 
lie on the same side of x' x, 
and the action of x'x on every 
small element of A B will be 
perpendicular to A B, as has 
^ been just demonstrated. The 
current AB will therefore be 
acted on by a system of par- 
allel forces perpendicular to its 
direction. The resultant of these forces will be a single force equal 
to their sum, and parallel to their common direction. Hence the 
indefinite current x' x will act on the finite current A B by a single 
force R in the direction c D. % 

If the current a B be supposed to assume successively different 
positions, B„ Bj, Bg, &c., around its positive end A, the line c D will 
represent in each position the direction of the action of the current 
x'x upon, it. 

It is evident that when the indefinite current runs from x' to x, 
the action on the finite current is such as would cause it to turn 
round its positive end A with a direct, or round its negative end B 
with a retrograde rotation. 

If the indefinite current run from x to x', the direction of its action 
on A B, and the consequent motions of A b, would be reversed. 

The point o of the current A B at which the resultant R acts will 
vary with the position of the current a b, approaching more towards 
x'x as A B approaches the position AB3; but in every position this 
resultant must be between a and b. The force producing the rota- 
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tion therefore baying a Tarying moment, the rotation wiH not 1)6 
uniform. 

If the distance o A be very great compared with A B, the resultant 
B will be sensibly constant, and will act at the middle point of A B. 

In this case, if the middle point of A B be fixed, no rotation can 
take place. 

If the distance OA be less than ab, the current ab will in cer- 
tain poeitionB intersect x' x, fig. 641., and a part will be at one side 




Fig. 641. 

and a part at the other. In this case the action on A b, in all posi- 
tions in which it lies altogether above x' x^ is the same as in the 
former case. 

When it crosses x' x, as in the positions A Bj, A B,, A B^, the action 
is different. In that case the forces which act on A m, and those 
which act on m B, are in contrary directions, and their resultant is 
in the one direction or in the other, according as the sum of the 
forces acting on one part is greater or less than the sum of the forces 
acting on the other part. If a m be in every position of A b greater 
than m b, then the resultant will be in every position in the same 
direction as if the current A B did not cross x' x \ and if the point A 
were fixed, a motion of continued rotation would take {^ace, in 
the same manner as in the former case, except that the impelling 
force would be diminished as the line A b would approach the posi- 
tion A B3. 

But if A o be less than 
half AB, the circumstances 
will be different. In that 
case there Vill be two posi- 
tions A B2 and A B4, fig, 642., 
at equal distances from A B,, 
at which the line A B will be 
bisected by x' x. 

In all positions of A b not 
included between A Bj and 
Fig. 642. A B4, the action of the indefi- 

nite current upon it takes 
place in the same direction as in the former cases. 
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But in the pomtionB A b' and A b", where m il and m b^ sve 
greater than m A, the forces acting on m b' and m b" exoee^l those 
acting in the contrary direction on mx, and conseqnentlj the resultant 
of the forces on A b in all positions between a Bg and A B4 is con- 
tnurj to its direction m cYerj other position of the line a b. 

In the portions A Bg and a b^ the resultant of the forces in one 
direction on a m is equal and contrary to the resultant of the forces 
on B m. There will in these positions be no tendency of the current 
A b to remove except round its middle point. 

If the indefinite current x' x pass 
through A, Jig. 643., the resultants of 
its action on a B will be in contrary 
directions above and below x' x, and 
will in each case tend to turn the cur* 
rent A B round the point A so as to 
make it coincide in direction with the 
indefinite current x' x. 

2016. Experimentxd ilkutreU'ion of 
^^^eae principles. — These effects may be illustrated experimentally 
by means of the apparatus, Jig. 638., already described. The cir- 
cular current surrounding the canal v being removed, and the cur- 
rents on the wire m being continued, let an indefinite rectilinear 
onrrent be conducted under the apparatus at different distances from 
the vertical line passing through the pivot, and the effects above 
described will be exhibited. 

2017. Effect of a straight indejinite current on a system of diver 
ging or cfmverging currents. — If any number of finite rectilinear 
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currents diverge from or converge to a common centre^ the system 
T^ill be affected by an indefinite current near it, in the same manner 
as a single radiating current would be affected. 

Thus if a number of straight and equal wires have a common 
extremity, and are traversed by currents flowing between that extre- 
mity, and the circumference of the circle in which their other extre- 
mities lie, an indefinite current x' X placed in the plane of the circle, 
as represented in fig, 644., will cause the radiating system of oar- 
rents to revolve in the one direction or the other, as indicated by the 
arrows in the figures. 

2018. Experimental illiistration of this action, — These actions 
may be shown experimentally, by putting a vertical wire, fig, 645., 

in communication with the centre of a shallow 
F^ circular metallic vessel of mercury v, and an- 

other wire N, communicating with the outside 
of the vessel, into communication with the 
i poles of a battery : diverging currents will be 
transmitted through the mercury in the one 
direction or the other, according to the con- 
nexion ; and if a straight conducting wire c D, 
conveying a powerful electric current is 
brought near the vessel, a rotation will be 
imparted to the mcfrcury, the direction of 
which will be in conformity with the prin- 
Davy used a powerful magnet instead of the 




Fig. 645. 



ciples just explained, 
straight wire. 

2019. Consequences deducihle from this action, — The following 
-consequences respecting the action of finite and indefinite rectilinear 
currents will readily follow from the principles which have been 
established. 

When a finite vertical conductor A B, moveable round an axis o o', 
is subjected to tBe action of an indefinite horizontal current M n, the 
plane A B o' o will place itself in the position o' o b' a', when the 
vertical current descends, and the horizontal current runs from N to 
M, fig, 646. 

If the direction of the 
vertical or horizontal cur- 
rent be reversed, the posi- 
tion of equilibrium of the 
former will be o o' A b ; but 
if the direction of both be 
reversed, the position of 
equilibrium will remain un- 
altered. 

When two vertical con- 
ductors A B and a' b' are 
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moveable round a yertical axis o o', and connected together, they 
will remain in equilibrium, whatever be their position, if they are 
both traversed by currents of the same intensity in the same direc- 
tion, provided that the indefinite rectilinear current which upon them 
be at such a distance and in such a position that its distances from 
the points B and b' may be considered always equal. When the 
wires A B and a' b' are traversed by currents in opposite directions, 
one aiksending and the other descending, the system will then turn 
on its axis O o' until the vertical plane through a b and a' b' becomes 
parallel to M n, the descending current being on that side from which 
the indefinite current fiows. 

2020. Actum of an indefinite straight current on a circulating 
cwrrent. — The circulating current, A, fi.g, 647., is affected by the 





N- 



Fig. 647. 

indefinite current P n in the same manner as would be affected the 
rectangular current B. The current p n affects the descending side a 
by a force contrary to, and the ascending side h by an equal force 
according with, its own direction (2012). In the same manner^ it 
affects the sides c and d with forces in contrary directions, one ^ 
wards, and the other from, p N. But the side c, being nearer to 
p N than cf, is more strongly affected ; and consequently the attrac- 
tion, in the case represented in^. 646., will prevail over the repul- 
don. If the direction of either the rectilinear or circulating current 
be reversed, the repulsion will prevail over the attraction. 

Thus it appears, that an indefinite current flowing from right to 
left, under a circulating current having direct rotation, or one moving 
from left to right under a circulating current having retrograde rota- 
tion, will produce attraction ] and two currents moving in the con- 
trary directions will produce repulsion. 

If the current A be fixed upon an horizontal axis a & on which it 
4s capable of revolving, that side c at which the current movers in the 
same direction as p n will be attracted downwards, and the plane of 
the current will take a position passing through P n, the side c being 
nearest to that line. 

If the current a he fixed upon the line c c? as an axis, it will turn 
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into the same poutioo, the ride h on which the carrent asoendi bring 
on the side towards which the current p n is directed. 

2021. Can in which the indefinite straight current is perpen- 

dieular to the place of the circtdcOvng cwrrenl, 
— K the rectilinear carrent A B^fig, 648., be 
perpendicular toi the ciroalar current Q N n, 
and within it^ and be moreable round the cen- 
tral line o o'; a motion of rotation will be im« 
pressed upon it contrary to that of the drealar 
carrent. This may be experimentally yerifiect 
by an apparatus constructed on the principke 
replresented in fig, 649. ^ consisting of a wire 
frame supported and balanced on a central poini 
in a mercurial cup. The current passing be- 
tween this point and the liquid in a circular 
canal will ascend or descend on the vertical wires according to the 

arrangement of the connexions. The circmar cur- 
rent may be produced by surrounding the circular 
canal with a metallic wire, or ribbon coated with a 
non-conductor, upon which the current may be 
transmitted in the usual way. The wire frame 
will revolve upon the central point with direct or 
retrograde rotation, according to the directions of 
the currents. If the current ascend on the wires, 
they will revolve in the same direcdon as the cir- 
cular current; if it descend, in the contrary ^reo 
tion. 

The circular current may also be produced by a spiral carrent 
placed under the circular canaly and the wire frame may be replaced 
by a light hollow cylinder, supported on a central point The spiral 
in this case may be moveable and the cylinder fixed, or vice vertd^ 
and the reciprocal actions will be manifested. 

2022. Case in which the straight 
current is oblique to the plane of 
the circulating current. — Like 
effects will be produced when the 
rectilinear current, instead of being 
perpendicular to the plane of the 
circular current, is oblique to it. 

Let the rectilinear current a c, fig, 
650., be parallel to the plane oiP the 
circular current N Q. If the current 
flow from a to c, the part a h which 
is within the circle will be affected 
by force opposite to the direction of 
the nearest part of the carrent tf % 




Fig. 649. 
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and tlie part h c ontside the circle will be affected by a force in the 
same direction. If the current flow from c to a, contrary effects 
will ensue. 

If in this case the straight current be b'mited to a 5, and be capa- 
ble of revolving round a in a plane parallel to that of the circle, it 
will receive a motion of rotation in the same or in a contrary direction 
to that .of the circulating current, accordingly as it flows from 5 to a, 
or from aioh. If the straight current be limited to & c, it will, un- 
der the drcuntstances, receive rotation in the contrary direction. If, 
in flnoi it extend on both sides of the circle, it will rotate in the one 
direction or the other, according as the internal or external part pre- 
dominates. 

2023. Reeiprocdl effects of curvilinear currents. — ^The mutual in- 
flnence of rectilinear and curvilinear currents being understood, the 
reoiproeal effects of curvilinear currents may be easily traced. Each 
small part of such current may be regarded as a short rectilinear cur- 
Tent, and the separate effects of such elementary parts being ascer- 
tained, the effects of the entire extent of the curvilinear currents will 
be the resultants of these partial forces. 

2024. Mutual action qfcurmlinear currents in generaH. — An end- 
less TEiietj of problems arise from the various forms that curvilinear 
enmnts may assume, the various positions they may have in relation 
to each other, and the various conditions which may restrain their 
motions. The solution of all such problems, however, presents no 
other difficulties than tliose which attend the due application of the 
geometrical and mechanical principles already explained in each par- 
tiealarcase. 

To take as an example one of the most simple of the infinite va- 
riety of forms under which such problems are presented, let the 
centres of two circular currents be fixed ; the planes of the currents 
being free to assume any direction whatever, they will turn upon 
their centres till they come into the same plane, the parts of the cur- 
raits which intersect the line joining their centres flowing in the 
same direction. It is evident that upon the least disturbance from 
this position, they will be brought back to it by the mutual attraction 
of the parts of the circles on the sides which are near each other. 
This is therefore their position of stable equilibrium, and it is evident 
that the fronts of the currents in this position are on opposite sides 
of tiieir common plane. 



384 VOLTAIC ELECTRICITY. 



CHAP. IX. 

VOLTAIC THEORY OP MAGNETISM. 

2025. Circulating currents have the magnetic properties, — From 
what has been proved^ it is apparent that an heliacal current has all 
the properties of a magnet. Such currents exert the same mutual 
attraction and repulsion^ have the same polarity, submitted to the 
influence of terrestrial magnetism have the same directive properties, 
and exhibit all the phenomena of variation and dip that are manifested 
by artificial and natural magnets. ' And it is evident that these pro- 
perties depend on the circulating and not on the heliacal character 
of the current, inasmuch as the eflect of the progression of the helix 
being neutralized by carrying the current back in a straight direction 
along its axis, the phenomena instead of being disturbed are still 
more regular and certain. 

These properties of circulating currents have been assumed by 
Ampere as the basis of his celebrated theory of magnetism, in which 
all magnetic phenomena are ascribed to the presence of currents cir- 
culating round the constituent molecules of natural and artificial 
magnets, and around the earth itself. 

Let a bar magnet be supposed to be cut by a plane at right angles 
to its length. Every molecule in its section is supposed to be invested 
by a circulating current, all these currents revolving in the same di- 
rection, and consequently Jiheir fronts being presented to the same 
extremity of the bar. The forces exerted by all the currents thus> 
prevailing around the molecules of the same section may be con- 
sidered as represented by a single current circulating round the bar, 
and the same being true of all the transverse sections of the bar, it 
may be regarded as being surrounded by a series of circulating cur- 
rents all looking in the same direction, and circulating round the bar. 
That end of the bar towards which the fronts of the currents are 
presented will have the properties of a south or boreal pole, and the 
other end those of a north or austral pole. 

2026. Magnetism of the earth may proceed from currents, — In 
this theory the globe of the earth is considered to be traversed by 
electric currents parallel to the magnetic equator. The forces ex- 
erted by the currents circulating in each section of the earth, like 
those in the section of an artificial magnet, are considered as repre- 
sented by a single current equivalent in its effect, and which is called 
the mean current of the earthy at each place upon its surface. The 
magnetic phenomena indicate that the direction of this mean current 
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at each place is in a plane at right angles to the dipping-needle, and 
that it is directed in this plane from east to west, and at right angles 
to the magnetic meridian. 

2027. Artificial magnets explained on this hypothesis. — In bodies 
snch as iron or steel, which are susceptible of magnetism, but which 
are not magnetized, the currents which circulate round the constituent 
molecules are considered to circulate in all possible planes and all 
possible directions, and their forces thus neutralize each other. Such 
bodies^ therefore, exert no forces of attraction or repulsion on each 
other: But, when such bodies are magnetized, the fronts of some or 
all of these currents are turned in the same direction, and their forces, 
instead of being opposed, are combined. The more perfect the mag- 
netiaation is, the greater proportion of the currents will thus be 
presented in the same direction, and the magnetization will be per- 
fect when all the molecular currents are turned towards the same 
direction. 

2028. Effect of Oie presence or absence of coercive force. — If the 
body thus magnetized be destitute of all coercive force, like soft iron, 
the currents which are thus temporarily turned by the magnetizing 
agent in the same direction will fall into their original confusion and 
disorder when the influence of that agent is suspended or removed, 
and the body will consequently lose the magnetic properties which 
had been temporarily imparted to it. If, on the contrary, the body mag- 
netized have more or less coercive force, the accoidance conferred 
npon the direction of the molecular currents is maintained with more 
or less persbtence after the magnetizing agency has ceased ; and the 
magnetic properties accordingly remain unimpaired until the accord- 
ance of the currents is deranged by some other cause. 

2029. This hypothesis cannot he admitted as established until the 
existence of the molecular currents shall be proved. — To establish 
this theory according to the rigorous principles of ioductive science, 
it would be necessary that the actual existence of the molecular vol- 
taic currents, which form the basis of the theory, should be proved by 
some other evidence than the class of effects which they are assumed 
to explain. Until such proof shall be obtained, they cannot be ad- 
mitt^ to have 'the character of a vera causa, and the theory must 
be regarded as a mere hypothesis, more or less probable, and more 
or less ingenious, which may be accepted provisionally as aifording 
an explanation of the phenomena, and thus reducing magnetism to 
the dominion of electricity. 
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CHAP. X. 
RHE0SG0PE8 AND RHEOMETEBS. 

2030. Instruments to ascertain the presence and to measure ike tn- 
iensiti/ of currents, — It has been shown that when a voltaic current 
passes over a magnetic needle freely suspended, it will deflect the 
needle from its position of rest, the quantity of this deflection de- 
pending on the force, and its direction on the direction of the current. 

If the needle be astatic, and consequently have no directive force, 
it will rest indiflerently in any direction in which it may be placed. 
In this case the deflecting force of the current will have no other 
resistance to overcome than that of the friction of the needle on its 
pivot ; and if the deflecting force of the current be greater than this 
resistance, the needle will be deflected, and will ta^e a position at 
right angles to the current^ its north pole being to the left of the 
current (1918). 

If the needle be not astatic it will have a certain directive force, 
and, when not deflected by the current, will place itself in the mag- 
netic meridian. If, in this case, the wire conductiDg the current be 
placed over aud parallel to the needle, the poles will be subject at 
once to two forces ; the directive force tending to keep them in the 
magnetic meridian, and the deflecting force of the current tending to 
place them at right angles to fhat meridian. They will, consequently, 
take an intiermediate direction, which will depend on the relation 
between the directive and deflecting forces. If the 'latter exceed the 
former, the needle will incline more to the magnetic east and west; 
if the former exceed the latter, it will incline more to the magnetic 
north and south. If these forces be equal, it will take a direction at 
an angle of 45° with the magnetic meridian. The north pole of the 
needle will, in all cases, be deflected to the left of the current 
(1918). 

If while the directive force of the needle remains unchanged the 
intensity of the current vary, the needle will be deflected at a greater 
or less angle from the magnetic meridian, according as the intensity 
of the current is increased or diminished. 

2031. Expedient for augmenting the effect of a feeble current. — 
It may happen that the intensity of the current is so feeble as to be 
incapable of producing any sensible deflection even on the most sen- 
sitive needle. The presence, of such a current may, nevertheless, be 
detected, and its intensity measured, by carrying the wire conducting 
it first over and then under the needle, so that each part of the current 
shall exercise upon the needle a force tending to deflect it in the 
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tame direction. By this expedient the deflecting force exerdsed by 
the current on the needle is doubled. 

Such an arrangement is represented in^^. 651. The wire passes 

from n to z over, and from y to a; under 

"^ the needle ; and it is evident from what 

has been explained (1918), that the 

part z n and the part y x exercise deflcct- 

^^^.^ A _ _ ing forces in the same direction on the 

n/^y^ (I — * "^ 7 . poles of the needle, both tending to 

y^ I ?i I y I deflect the north or austral pole a to the 

left of a person who stands at z and 
looks towards a. It may be shown in 
Fig. 661. like manner that the vertical parts of 

the current g x and y z have the same 
tendeney to deflect the north pole a to the left of a person viewing it 
fipom z» 

2032. Method of constructing a rheoscope, galvanometer, or mul- 
tiplier, — The same expedient may be carried further. The wire 
upon which the current passes may be carried any number of times 
round the needle, and each successive coil will equally augment its 
deflecting force. The deflecting force of the simple current will thus 
be multiplied by twice the number of coils. If the needle be sur- 
rounded with an hundred coils of conducting wire, the force which 
deflects it from its position of rest, will be two hundred times greater 
ahan the deflecting force of the simple current. 

The wire conducting the current ng^st in such case be wrapped 
with silk or other non-conducting coating, to prevent the escape of 
the electricity from coil to coil. 

Such an apparatus has been called a multiplier, in consequence 
of thus multiplying the force of the current. It has been also 
denominated a galvanom^eter, inasmuch as it supplies the means of 
measuring the force of the galvanic current. 

We give it by preference the name rheoscope or rheometer, as indi- 
cating the presence and measuring the intensity of the current. 

To construct a rheometer, let two flat bars of wood or metal be 
united at the ends, so as to leave an open space between' them of 
Buflicient width to allow the suspension and play of a magnetic needle. 
Let a fine metallic wire of silver or copper, wrapped with silk, and 
having a length of eighty or a hundred feet, be coiled longitudinally 
round these bars, leaving at its extremities three or four feet uncoiled, 
60 as to be conveniently placed in connexion with the poles of the 
Toltaic apparatus from which the current proceeds. Over the bars 
on which the conducting wire is coiled, is placed a dial upon which 
an index plays, which is connected with the magnetic needle sus- 
pended between the bars, and which has a common motion with it, 
the direction of the index always coinciding with that of the needle. 
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The otcle of the dial is divided into 860°, the index beinjK directed 
to 0° or 180°, where the needle ia parallel to the coSa of Uie 
oonduetJDg wire. 

Such aa instrument, mounted in the 
usual manner and corered by a bell>glass 
to protect it from the disturbances of the 
sir, is represented ia Jiff. 652. 

The needle is usually suspended by a 
single filament of raw silk. If the length 
of wire necessary for a single coil be six 
5 inches, fifty feet of wire will suffice for a 
hundred coils. To detect the presence of 
very feeble currents, however, a much 
greater number of coils are frequently 
necessary, and in some instruments of this 
Fig. ti2. ^ind there are several thousand coils of 

• wire. 

2033. Nbbili't rhtometer. — Without multiplying inconveniently 
the coils of the conducdng wire, Nobili contrived a rheoscope which 
possesses a sensibility sufficient for the most delicate experimental 
researches. This anangement consists of two magnctio needles fixed 
npon a common centre parallel to each other, but with their poles 

reversed as represented in Jiff. 653. 
If the directive forces of these needles 
were exactly equal, such a combintttioa 
^would be astatic ; and although it 
would iodicBte the presence of an ex- 
, tremely feeble current, it would supply 
no means of measuring the relative 
forces of two such currents. Such an 
apparatus would be rheogcepic, bat not 
rJieometric. To impart to it tbe latter 
Hg. S53, property, and at the same time to con- 

fer on it a high degree of sensibility, 
the needles are rendered a little, and but a little, unequal in their 
directive force. The directive force of the combination being the 
difference of the directive forces of the two needles, is therefore 
extremely small, and the system is proportionately sensitive to the 
infiuence of the current. 

2034. DiffcTential rheometer. — In certain researches a differential 
rheometer is found useful. In this apparatus two wires of exactly 
the same material and diameter are coiled round the instrument, and 
two currents are made to pass in opposite directions upon them so as 
to exercise oppowte deflecting forces on the needle. The deviation 
of the needle in this case measures the difference of the intensities 
of the two currents. 
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2035. Orea4 sensitiveness of these instruments illustrated, — - The 
extreme sensitiveness and extensive utility of these rheoscopic appa- 
ratus will he rendered apparent hereafter. Meanwhile it may he 
ohservcd that if the extremities p and n of the conducting wires he 
dipped in acidulated water, a slight chemical action will take place, 
which will produce a current hy which the needle will he visihly 
affeoted. 

In all cases it is easy to determine the direction of the current by 
the direction in which the north pole of the needle is deflected. 





CHAP. XI. 

THBRMO-ELEOTBICITT. 

2036. Disturbance of the thermal equilibrium of conductors prth 
duces a disturbance of the electric equilibrium, — If a piece of metal 

B, Jig, 654., or other conductor^ 
^ c B c - ^ interposed between two pieces 

Rmwim^wvM > ^^ C, of a different metal,, the points 

of contact being reduced to differ- 
ent temperatures, the natural elec- 
tricity at these points will be 
decomposed, the positive fluid 
Tig, ^54. passing in one direction, and the 

negative fluid in the other. If 
the extremities of the pieces o be connected by a wire, a constant 
oarrent will be established along such wire. . The intensity of this 
oarrent will be invariable so long as the temperatures of the points 
of contact of B with o remain the same ; and it will in general be 
greater, the greater the difference of these temperatures. If the 
temperatures of the points of contact be rendered equal, the current 
will cease. 

These facts may be verified by connecting the extremities of c with 
the wires of any rheoscopic apparatus. The moment a difference of 
temperature is produced at the points of contact, the needle of the 
rheoscope will be deflected ; the deflection will increase or diminish 
with every increase or diminution of the difference of the tempera- 
tures; and if the temperatures be equalized, the needle of the rhe- 
oscope will return to its position of rest, no deflection being produced. 

2037. Thermo-electric current, — A current thus produced is called 
a ^lermo-electric current. Those which are produced by the ordinary 
voltaic arrangements are called for distinction hydro-electric currents^ 
a liquid conductor always entering the combination. 

33* 
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2038. ExperimenUd ittustraticm. — A convenient and simple appa- 
ntufl for the experimental illustration of a thermo-electric current is 

represented in^^. 655., consist- 
ing of a narrow strip of copper 
hent so as to form three sides of 
a rectangle, the fourth part of 
which is a cylinder of bismuth, 
about half an inch in diameter, 
which is soldered at botii ends 
to the copper so as to ensure 
perfect contact. A magnetic 
needle is placed within the rect- 
angle, which is directed in the 
Fig. 655. plane of the magnetic meridian^ 

so that the needle, when undis- 
turbed by the current, shall rest in the direction of the rectangle, its 
north pole pointing to the zinc cylinder. 

If a lamp be placed under the end of the bismuth cylinder, so as 
to raise its temperature above that of the upper end, the needle will 
be immediately deflected, and the deflection will increase as the dif- 
ference of the temperatures of the lower and upper end of the zinc 
cylinder ia increas^. 

2039. Conditions which determine the direction of the current, — 
When the temperature of the lower end of the bismuth cylinder is 
more elevated than that of the upper end, the north pole of the 
needle is deflected towards the east, from which it appears that the 
current in this case flows from the upper to the lower end of the 
cylinder, and passes round the rectangle in the direction represented 
by the arrows. 

If the heat be applied to the upper end of the bismuth, or, what 
is the same, if cold be applied to the lower end, the north pole of 
the needle will be deflected to the west, showing that the direction 
of the current will be reversed, the positive fluid always flowing to- 
wards the warmer end of the bismuth. 

2040. A constant difference of temperature produces a constant 
current — If means be taken to maintain the extremities of the bis- 
muth at a constant difference of temperature, the needle will main- 
tain a constant deflection. Thus, if one end of the bismuth be 
immersed in boiling water and the other in melting ice, so that their ' 
temperatures shall be constantly maintained at 212^ and 32"^, the 
deflection of the needle will be invariable. If the temperature of 
the one be gradually lowered, and the other gradually raised, the 
deflection of the needle will be gradually diminished ; and when the 
temperatures are equalized, the needle will resume its position in the 
ipagnetic meridian. 

2041. Different- w^tah have different therrno-dectrio energies. — 



THERMOELBCTRICITY. 



891 



ThiB property, in virtae of which a derangement of the electric eqni- 
libriunr attends a derangement of the thermal equilibrium, is common 
to all the metals, and, indeed, to conductors generally; but, like 
other physical properties, they are endowed with it in very different 
degrees. Among the metals, bismuth and antimony have the greatest 
thermo-electric energy, whether they are placed in contact with each 
other) or with any other metal. If a bar of either of these metals 
be placed with its extremities in contact with the wires of a rheom- 
eter, a deflection of the needle will be produced by the mere warmth 
of the finger applied to one end of the bar. If the finger be applied 
to both ends, the deflection will be redressed, and the needle will re- 
turn to the magnetic meridian. 

It has been ascertained that if different parts of the same mass of 
bismuth or antimony be raised to different temperatures, the electric 
equilibrium will be disturbed, and currents will be established in 
different directions through it, depending on the relative tempera- 
tures. These currents are, however, much less intense than in the 
case where the derangement of temperature is produced at the points 
of contact or junction of different conductors. 

2042. PouiUefs thermo-electric apparatus. — M. Pouillet has with 
great felicity availed himself of these properties of thermo-electricity 
to determine some important and interesting properties of currents. 
The apparatus constructed and applied by him in these researches is 
represented in^. 656. 

Two rods A and b of bismuth, each about sixteen inches in length 




Fig. 656. 

and an inch in thickness, are bent at the ends at right angles, and 
being supported on vertical stands are so arranged that the ends c D 
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and £ F may be let down into cnps. The onps o and E are filled with 
melting ice, and D and F with boiling water, so that the ends and 
E are kept at the constant temperature of 32°, and the ends D and 
F at the constant temperature of 212°. 

A differential rheometer (2033) is placed at M. Two conducting 
circuits are formed either of one or several wires, one commencing 
frotn F, and after passing through the wire of the rheometer M, re- 
turning to E ; the other commencing from D, and after passing through 
the wire of the rheometer in a contrary direction to the former, return- 
ing to 0. The wires conducting the current are soldered to the ex- 
tremities 0, D, E, F of the bismuth rods, which are immersed in the 
cups. 

If the two currents thus transmitted, the one between f and E, 
and the other between D and c, have equal intensities, the needle of 
the rheometer M will be undisturbed ; but if th^re be any difference 
of intensity, its quantity and the wire on which the excess prevails 
wi]l be indicated by the quantity and direction of the deflection of 
the needle. 

The successive wires along which the current passes are brought 
into metallic contact by means of mercurial cups, a, h, c, d, &c., into 
which their ends are immersed. 

The circuits through which the current passes ^may be simple or 
compound. If simple, they consist of wire of one uniform material 
and thickness. If compound, they consist of two or more wires dif- 
fering in material, thickness, or length. 

The wire composing a simple circuit is divided into two lengths, 
one extending from D or P to the cup e or c?, where the current enters 
the convolutions of the rheometer, and the other extending from the 
cup b or /, where the current issues from the rheometer to o or E, 
where it returns to the thermo-electric source. The wires compos- 
ing a compound current may consist of a succession of lengths, the 
current passing from one to another by means of the metallic cups. 
Thus, as represented in the figure, the wires fc, cc?, and /e, forming, 
with one wire of the rheometer, one circuit, and the wires De, 5 a, 
and ac, forming with the other wire of the rheometer the other cir- 
cuit, may differ from each other in material, in thickness, and in 
length. 

The currents pass as indicated by the arrows, from the extremity 
of the bismuth which has the higher temperature through the wires 
to the extremity which has the lower temperature. 

2043. Relation between the intensity of the current and the length 
and section of the conducting wire. — If the two circuits be simple 
and be composed of similar wires of equal lengths, the intensity of 
the two currents will be found to be equal, the needle of the rheom- 



THEBMO-BLBCTRICITT. 898 

eter being nndistnrbed. But if the length of the circuit be greater 
in the one than in the other, the intensities will be unequal, that 
current which passes over the longest wire having a less intensity in 
the exact proportion in which it has a greater length. 

If the section of the wire composing one circuit be ^eater than 
that of the wire composing the other circuit, their lengths being equal, 
the current carried by the wire of greater section will be more intense 
than the other in exactly the proportion in which the section is 
greater. 

If the wire composing one of two simple circuits have a length 
less than that composing the other, and a section also less in the 
same proportion than the section of the other, the currents passing 
over llienl will have the same intensity, for the excess of intensity 
due to the lesser length of the one is compensated by the excess due 
to the greater section of the other. 

In general, therefore, if i and i' express the intensities of the two 
eurrents transmitted from d and f, fig, 656., over two simple cir- 
cuits of wire of the same metal, whose sections are respectively s and 
8^^ and whose lengths are L and l', we shall have : 

- s s' 

I. x^ . . __ . • 

L l" 

tibat is tQ say, the intensities are directly as the sections and inversely 
as the lengths of the wire. 

K two simple circuits be compared, consisting of wires of dififerent 
metals, this proportion will no longer be maintained, because in that 
case wires of equal length and equal section will no longer give the 
currents equal mtensities, because they will not have equal conduct- 
ing powers. That circuit which, being alike in other respects, is 
composed of the metal of greatest conducting power, will give a cur- 
rent of proportionally greater intensity. The relative intensities, 
therefore, of the currents carried by wires of different metals of equal 
length and thickness are the exponents of the relative conducting 
powers of these metals. 

In general, if c and d express the conducting powers of the metals 
composing two simple circuits, we shall have : 

f 8 , s' 

i:r ::0X — :o X -7. 

2044. Conducting powers of metals, — M. Pouillet ascertained on 
these principles the conducting powers of the following metals rela^- 
tively to that of distilled mercury taken at 100 : — 
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Metals. Conducting Power. 

Mercury 100 

Iron 600 to 700 

Steel 600 to 800 

Brass , 200 to 900 

Platinum 850 

Copper 8800 

Gold 8900 

Silver 6200 

Palladium 6800 

2045. Current passing through a compound circuit of uniforfn 
intensity, — The current which passes through a compotind circuit 
is found to have an uniform intensity throughout its entire course. 
In passing through a length of wire, which is a had conductor, it« 
intensity is neither greater nor less than upon one which is a good 
conductor, and its intensity on pieces of ^unequal section and unequal 
length is in like manner exactly the same. 

. 2046. Equivalent simple circuit — A simple circuit composed of 
a wire of any proposed metal and of any proposed thickness can 
always be assigned upon which the current would have the same 
intensity as it has on any given compound circuit ; for by increasing 
the length of such circuit the intensity of the current may be indefi- 
nitely diminished, and by diminishing its length the intensity may 
be indefinitely increased. A length may therefore be always found 
which will give the current any required intensity. 

The length of such a standard wire which would give the current 
of a simple circuit the same intensity as that of a compound circuit, 
is called the reduced length of the compound circuit. 

2047. Ratio of intensities in two compound circuits, — It is evi- 
dent, therefore, that the intensities of the currents on two compound 
circuits are in the inverse ratio of their redttced lehgths, for the wires 
composing such reduced lengths are supposed to be of the same 
material and to have the same thickness. 

2048. Intensity of the current on a given conductor varies toith 
the thermo-electric energy of the source, — In all that has been stated 
above, we have assumed that the source of thermo-electric energy 
remains the same, and that the changes of intensity of the current 
are altogether due to the greater or less facility with which it is 
allowed to pass along the conducting wires from one pole of the 
thermo-electric source to the other. But it is evident, that with the 
same conducting circuit, whether it be simple or compound, the 
intensity of the current will vary either with the degree of disturb- 
ance of the thermal equilibrium of the system or with the thermo- 
electric energy of the substance composing the system. 

In the case already explained, the ends of the cylinders A and B 
have been maintained at the fixed temperatures of 82° and 212°. 
If they had been maintained at any other fixed temperatures, like 
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pLenomena would have been manifested, with this difference only, 
that with the same circuit the intensity of the current would be dif- 
ferent, since it would be increased if the difference of the tempera- 
ture of the extremities were increased, and would be diminished if 
that difference were diminished. 

In like manner, if, instead of bismuth, antimony, zinc, or any 
other metal were used, the same circuit and the same temperatures 
of the ends/:! and d or e and f would exhibit a current of different 
intensity, such difference being due to the different degree of thermo- 
electric energy with which the different metals are endowed. 

The relative thermo-electric energy of different sources of "these 
currents, whether it be due to a greater or less disturbance of the 
thermal equilibrium, or to the peculiar properties of the substance 
whose temperature is deranged, or, in jBne, to both of these causes 
combined, is in all cases proportional to the intensity of the current 
which it produces in a wire of given material, length, and thickness, 
or in general to the intensity of the current it transmits through a 
given circuit. 

The relative thermo-electric energy of two systems may be ascer- 
tained by placing them as at A and B, jig. 656., and connecting 
them by simple circuits of similar wire with the differential rheo- 
meter. Let the lengths of the wires composing the two circuits be 
00 adjusted, that the currents passing upon them shall have the same 
*' intensity. The thermo-electric energy of the two systems will then 
be in the direct ratio of the lengths of the circuits. 

2049. Thermo-electric piles. — The intensity of a thermo-electric 
current may be augmented indefinitely by combining together a 
number of similar thermo-electric elements, in a manner similar to 
th'^t adopted in the formation of a common voltaic battery. It is 
only necessary, in making such arrangement, to dispose the ele- 
ments so that the several partial currents shall all flow in the same 
direction. 

Such an arrangement is represented in fig. 657., where the two 
metals (bismuth and copper, for example) composing each thermo- 







Fig. 657. 



electric pair are distinguished by the thin and thick bars. If the 
points of junction marked I, 3, 5, &c. be raised to 212°, while the 
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points 2, 4^6, &o. are kept at 32^, a current will flow from each of 
jthe points 1, 3, 5, &c. towards the points 2, 4, 6, &c. respectively, 
and these currents severally overlaying each other, exactly as in the 
voltaic hatteries, will form a current having the sum of their inten- 
sities. 

2050. Thermo-electric pile of Nohili and MeUoni, — Various 
expedients have been suggested for the practical construction of such 
thermo-electric piles, one of the most efficient of whjch is that of 
MM. Nobili and Melloni. This pile is composed of a series of thin 
plates of bismuth and antimony, bent at their extremities, so that 
when soldered together they have the form and arrangement indi- 
cated in fig, 658. The spaces between the succes- 
C^^ZZmZZIl sive plates are filled by pieces of pasteboard, by 
^^^^^^^^ which the combination acquires sufficient solidity, 

and the plates are retained in their position with- 

Fig. 658. out being pressed into contact with each other. 

The pile thus formed is mounted in a frame as 

represented in fi^, 659., and ifcs poles are connected with two pieces 

of metal by which the current may be transmitted 
to any conductors destined to receive it. It will 
be perceived that all the points of junction of the 
plates of bismuth and antimony which are pre- 
sented at the same side of the frame are alternate 
in their order, the 1st, 3rd, 5th, &c. being on one 
side, and the 2nd, 4th, 6th, &c. on the other. If, 
Fig. 659. then, one side be exposed to any source of heat or 
cold from which the other is removed, a correspond- 
ing difference of temperature will be produced at the alternate 
joints of the metal, and a current of proportionate intensity will 
flow between the poles p and n upon any conductor by which they 
may be connected. 

It is necessary, in the practical construction of this apparatus, that 
the metallic plates composing it should be all of the same length, so 
that when combined the ends of the system where the metallic joints 
are collected should form an even and plain surface, which it is usual 
to coat with lampblack, so as to augment its absorbing power, and at 
the same time to render it more even and uniform. 

This was the form of thermo-electric pile used by M. Melloni in 
the series of experimental researches adverted to in 1564, and the 
manner in which it was applied is exhibited in all its details in fig, 
451., where p n are the poles of the system, and p the rheometer 
through which the current is transmitted. 
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CHAP. xn. 

ELECTRO- CHEMISTRY. 

2051. Decomposing power of a voltaic current. — When a voltaic 
onrrent of sufficient intensity is made to pass through certain bodies 
consisting of constituents chemically combined, it is found that de- 
composition is produced attended by peculiar circumstances and con- 
ditions. The compound is resolved into two constituents^ which 
appear to be transported in contrary directions, one with and the 
other against the course of the current. The former is disengaged 
at the place where the current leaves, and the other at the place 
where it enters the compound. 

All compounds are not resolvable into their constituents by this 
agency, and those which are are not equally so ; some being resolved 
by a very feeble current, while others yield only to one of extreme 
intensity. 

2052. Electrolytes and electrolysis, — Bodies which are capable 
of being decomposed by an electric current have been called elec- 
trolytes, and decomposition thus produced has been denominated 

ELECTROLYSIS. 

2053. Liquids alone susceptible of electrolysis. — To render elec- 
trolysis practicable, the molecules of the electrolyte must have a 
perfect freedom of motion amongst each other. The electrolyte must 
therefore be liquid. It may be reduced to this state either by solution 
or fusion. 

2054. Faraday* s electro-chemical nomenclature. — It has been 
osual to apply the term poles either to the terminal elements of the 
pile, or to the extremities of the wire or other conductor by which 
the current passes from one end and enters the other. These are 
not always identical with the points at which the current enters and 
leaves an electrolyte. The same current may pass successively 
through several electrolytes, and each will have its point of entrance 
and exit ; but it is not considered that the same current shall have 
more than two poles. These and other considerations induced Dr. 
Faraday to propose a nomenclature for the exposition of the pheno- 
mena of electrolysis, which has to some extent obtained acceptation. 

2055. Positive and negative electrodes. — He proposed to call the 
points at which the current enters and departs from the electrolyte, 
ELECTRODES, from the Greek word M^ (odos), a path or way. He 
proposed further to distinguish the points of entrance and departure 
by the terms Anode and Kathode, from the Greek words oWoj 
(anodos), the way up, and xoBoBoi (kathodes), the way down. 

II. 34 
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2056. Only partially accepted. — Dr. Faraday also gave the name 
IONS to the two constituents into which an electrolyte is resolved by 
the current, from the Greek word twv (Ion), going or passing, their 
characteristic property being the tendency to pass to the one or the 
other electrode. That which passes to the positive electrode, and 
which therefore moves against the current, hecalled the Anion; and 
that which passes to the negative electrode and therefore moves with 
the current, he called the Kathion. These terms have not, however, 
obtained acceptation. Neither have the terms " Anode " and " Ka- 

.thode," positive and negative electrode, or positive and negative pole, 
being almost universally preferred. 

The constituent of an eleotrolyte which moves with the current is 
distinguished as the positive element, and that which moves against 
it as the negative element. These terms are derived from the hypo- 
thesis that the constituent which appears at the positive electrode, and 
which moves, or seems to move towards it after decomposition, is 
attracted by it as a particle negatively electrified would be ; while 
that which appears at the negative electrode is attracted to it as would 
be a particle positively electrified. 

2057. Composition of water, — To render intelligible the proeesB 
of electrolysis, let us take the example of water, the first substance 
apon which the decomposing power of the pile was observed. Water 
is a binary compound, whose simple constituents are the gases called 
oxygen and hydrogen. Nine grains weight of water consist of eight 
grains of oxygen and one grain of hydrogen. 

The specific gravity of oxygen being sixteen times that of hydrogen 
(Handbook of Hydrostatics, &c., 779), it follows that the volumes 
of these gases which compose water are in the ratio of two to one, 
so that a quantity of water which contains as much oxygen as in the 
gaseous state would have the volume of a cubic inch, contains as 
much hydrogen as would, under the same pressure, have the volume 
of two cubic inches. 

The combination of these gases, so as to convert them into water, 
is determined by passing the electric spark taken from a common 
machine through a mixture of them. If eight parts by weight of 
oxygen and one of hydrogen, or, what is the same, one part by 
measure of oxygen and two of hydrogen, be introduced into the 
same receiver, on passing through them the electric spark an explo- 
sion will take place ; the gases will disappear, and the receiver will 
be first filled with steara, which being condensed, will be presented 
in the form of water. The weight of water contained in the receiver 
will be equal precisely to the sum of the weight of the two gases. 

These being premised, the phenomena attending the electrolysis 
of water may be easily midoiHtuod. 

2058. EkctrolyaU a/ water. — Let a glass tube, closed at one end, 
be filled with water slightly acidulated, and stopping the open end, 
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let it be inverted and immersed in similarly acidulated water con- 
tained in any open vessel. The column in the tube will be sustained 
there by the atmospheric pressure as the mercurial column is sustained 
in a barometric tube ; but in this case the tube will remain completely 
filled, no vacant place appearing at the top, the height of the 
column being considerably less than that which would balance the 
atmospheric pressure. Let two platina wires be connected with the 
poles of a voltaic pile, and let their extremities, being immersed in 
the vessel containing the tube, be bent so as to be presented upwards 
in the tube without touching each other. Immediately small bubbles 
of gas will be observed to issue from the points of the wires, and to 
rise through the water and collect in the top of the tube, and this 
will continue until the entire tube is filled with gas, by the pressure 
of which the water will be expelled from it. If the tube be now 
removed from the vessel, and the gas be transferred to a receiver, so 
arranged that the electric spark may be transmitted through it, on 
^uch transmission the gas will be reconverted into water. 

The gases, therefore, evolved flit the points of the wire, which in 
this case are the electrodes^ are the constituents of water; and since 
they cannot combine to form water, except in the definite ratio of 
1 to 2 by measure; they must have been evolved in that exact ratio 
at the electrodes. 

2059. Explanation of this phenomenon hy the electro-chemical 
hypothesis^ — This phenomenon is explained by the supposition that 
the voltaic current exercises forces directed upon each molecule of 
the water, by which the molecules of oxygen are impelled or attracted 
towards the positive electrode, and therefore against the current, and 
the molecules of hydrogen towards the negative electrode, and there- 
fore with the current. The electro-chemical hypothesis is adopted 
by diflFerent parties in different senses. 

According to some, each molecule of oxygen is invested with an 
atmosphere of negative, and each molecule of hydrogen with an 
atmosphere of positive electricity, which are respectively inseparable 
from them. When these eases are in their free and uncombined state, 
these fluids are neutralized Dy equal doses of the opposite fluids received 
from some external source, since otherwise they would have all the 
properties of electrified bodies, which they are not observed to have. 
But when they enter into combination, the molecule of oxygen dis- 
misses the dose of positive electricity, and the molecule of hydrogen 
the dose of negative electricity which previously neutralized their 
proper fluids; and these latter fluids then exercising their mutual 
attraction, cause the two gaseous molecules to coalei^ce and to form 
a molecule of water. 

When decomposition takes place, a series of opposite effects are 
educed. The molecule of oxygen after decomposition is charged 
with its natural negative; and the molecule of hydrogen with its 
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natural positive fluid, and these molecules must borrow from the 
decomposing agent or some other source the doses of the opposite 
fluids which are necessary to neutralize them. In the present case, 
the molecule of oxygen is reduced to its natural state by the positive 
fluid it receives at the positive electrode, and the molecule of hydro- 
gen by the negative fluid it receives at the negative electrode. 

The electro-chemical hypothesis is, however, difiPerently understood 
and dififerently stated by different scientific authorities. It is con- 
sidered by some that the decomposing forces in the case of the voltaic 
current are the attractions and repulsions which the two. opposite 
fluids developed at the electrodes exercise upon the atmospheres of 
electric fluid, which are assumed in this theory to surround and to be 
inseparable from the molecules of oxygen and hydrogen which com- 
pose each molecule of water, the resultants of these attractions and 
repulsions being two forces, one acting on the oxygen and directed 
towards the positive electrode, and the other acting on the hydrogen 
and directed towards the negative electrode. Others, with Dr. Fara- 
day, deny the existence of these attractions, and regard the electrodes 
as mere paths by whic\ the current enters and leaves the electrolyte, 
and that the effect of the current in passing through the electrolyte 
is to propel the molecules of oxygen and hydrogen in contrary direc- 
tions, the latter in the direction of the current, and the former in the 
contiary direction ; and that this, combined with the series of decom- 
positions and recompositions imagined by Orotthuss, whieh we shall 
presently explain, supplies the most satisfactory exposition of the 
phenomena. 

Our limits, however, compel us to dismiss these speculations, and 
confine our observations rather to the facts developed by experimental 
research, using, nevertheless, the language derived from the theory 
for the purposes of explanation. 

2060. Method of electrolysis which separates the constituents, — 
The process of electrolysis may be so conducted that the constituent 
gases shall be developed and collected in separate receivers. 

The apparatus represented in /!{/, 660., con- 
trived by Mitscherlich, is very convenient for the 
exhibition of this and other electrolytic phe- 
nomena. Two glass tubes o and A, about half an 
inch in diameter, and 6 or 8 inches in leDgth,'are 
closed at the top and open at the bottom, having 
two short lateral tubes projecting from them, 
which are stopped by corks, through which pass 
two platinum wires which terminate within the 
tubes in a small brush of fine platinum wire, 
which may with advantage be surrounded at the 
ends with spongy platinum. The tubes o, h beiug 
Fig. 660. uniformly cylindrical and conveniently graduated. 
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are filled with acidulated water, and immen^ed iu a cistern of Eimilarly 
acidulated water g. 

If the extemirl extremities of the platinum wires be connected by 
means of binding screws a and 6, or by luercurial cups with ^ires 
which proceed from the poles of a voltaic arrangement, their internal 
extremities will b(^come electrodes, and electrolysis will commence. 
Oxygen gas will be evolved from the positive, and hydrogen from 
the negative electrode, and these gases will collect in the two tubes, 
the oxygen in the tube o containing the positive, and the hydrogen 
in the tube h containing the negative electrode. The graduated 
Bcales will indicate the relative measures of the two gases evolved, 
and it will be observed that throughout the process the quantity of 
gas in the tube h is double the quantity in the tube o. If the gases 
be removed from the tubes to other receivers and submitted to 
chemical tests, one will be found to be oxygen and the other 
hydrogen. 

2061. How are the constituents transferred to the electrodes? — In 
the apparatus ^^. 660., the tubes containing the electrodes are repre- 
sented as being near together. The process of electrolysis, however, 
will equally ensue when the cistern ^ is a trough of considerable 
length, the tubes o and h being at its extremities. It appears, there- 
fore, that a considerable extent of liquid may intervene between the 
electrodes without arresting the process of decomposition. The 
question then arises, where does the decomposition take place ? At 
the positive electrode, or at the negative electrode, or at what inter- 
mediate point? If it take place at the positive electrode, a constant 
current of hydrogen must flow from that point through the liquid to 
the negative electrode ; if at the negative electrode a like current of 
oxygen must flow from that point to the positive electrode ; and if at 
any intermediate point, two currents must flow in contrary directions 
from that point, one of oxygen to the positive, and one of hydrogen 
to the negative electrode. But no trace of the existence of any such 
currents has ever been found. Innumerable expedients have been 
contrived to arrest the one or the other gas in its progress to the 
electrode without success ; and therefore the strongest physical evi- 
dence supports the position that neither of these constituent gases does 
actually exist in the separate state at any part of the electrolyte, 
except at the very electrodes themselves at which they are respectively 
evolved. 

If this be assumed, then it will follow that the molecules of oxygen 
and hydrogen evolved at the two electrodes were not previously the 
component parts of the same molecule of water. The molecule of 
oxj'gen evolved at the positive electrode must be supplied by a mole- 
cule of water contiguous to that electrode, while the molecule of 
hydrogen simultaneously evolved at the negative electrode must have 
been supplied by another molecule of water contiguous to the latter 
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electrode. What then becomes of the molecule of hydrogen dismissed 
by the former, and the molecule of oxygen dismissed by the latter ? 
Do they coalesce and form a molecule of water ? But such a com- 
bination would again involve the supposition of currents of gas passing 
through the electrolyte, of the existence of which no trace has been 
observed. 

2062. Solution of the hypothesis of Grotthtiss. — The only hypo- 
thesis which has been proposed presenting any satisfactory explana- 
tion of the phenomena is that of Grotthuss, in which a series of 
decompositions and recompositions are supposed to take place between 
the electrodes. . Let oh, o' h*, o" h", &c., represent a series of mole- 
cules of water ranged between the positive electrode ^ and the 
negative electrode n. 

p. . . O H. . . O' H' . . . O" H" . . . O'" H'" . . . O"" H"" . . . N. 

When o H is decomposed and o is detached in a separate state at 
p, the positive fluid inseparable from H, according to the electro- 
chemical hypothesis, being no longer neutralized by an opposite fluid, 
attracts the negative fluid of o', and repels the positive fluid of h', 
and decomposing the molecule of water o' h', the molecule o' coalesces 
with H and forms a molecule of water. In like manner, h' decom- 
poses o" h", and combines with o" ; h" decomposes o'" h'", and 
combines with o'"; and h'" decomposes o"" h"", and combines with 
o""; and, in fine, h"" is disengaged at the negative electrode N. 
Thus, as the series of decompositions and recompositions proceeds, 
the molecules of oxygen are disengaged at the positive electrode P, 
and those of hydrogen at the negative electrode N. 

In this hypothesis it is further supposed, as already stated, that 
the molecule of oxygen o, disengaged at the positive electrode p, 
receives from that electrode a dose of positive electricity, which being 
equal in quantity to its own proper negative electricity, neutralizes 
it; and, in like manner, the molecule of hydrogen h"", disengaged 
at the negative electrode N, receives from it a corresponding dose of 
negative electricity which neutralizes its own positive electricity. It 
is thus that the two gases, when liberated at the electrodes, are in 
their natural and unelectrified state. * 

2063. Effect of acid and salt on the electrolysis of water, — In the 
electrolysis of water as described above, the acid held in solution 
undergoes no change. It produces, nevertheless, an important influ- 
ence on the development of the phenomena. If the electrodes be 
immersed in pure water, decomposition will only be produced when 
the current is one of extraordinary intensity. But if a quantity of 
sulphuric acid even so inconsiderable as one per cent, be present, a 
current of much less intensity will effect the electrolysis , and by 
increasing the proportion of acid gradually from one to ten or fifteen 
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per cent.^ the decompo^tion will require a less and less intense 
current. 

It appears; therefore, that the acid without being itself affected by 
the current, renders the water more susceptible of decomposition. It 
seems to lessen the affinity which binds the molecules of oxygen and 
hydrogen, of which each molecule of water consists. 

Various other acids and salts soluble in water produce the same 
effect 

The electrolyte, properly speaking, is therefore in these cases the 
water alone. The bath in which the electrodes are immersed, and 
in which the phenomena of the electrolysis are, developed, may con- 
tain various substances in solution; but so long as these are not 
directly affected by the current, they must not be considered as form- 
ing any part of the electrolyte, although they not only influence the 
phenomena as above stated, but are also involveKl in important 
secondaiyphenomena^ as will presently appear. 

Ccues in which the matter of the electrodes combines with the con^ 
ttttuents of the electrolyte. — The process of the electrolysis of water 
has been presented here in its most simple form, no other effect save 
Uie mere decomposition of the electrolyte being educed. If, how- 
ever, the platinum electrodes which have no sensible affinity for the 
constituents of water be replaced by electrodes composed of any metal 
having a stronger affinity for oxygen, other phenomena will be devel- 
oped. The oxygen dismissed by the water at the positive electrode, 
instead of being liberated, will immediately enter into combination 
with the metal of the electrode, forming an oxide of that metal. 
This oxide may adhere to the electrode, forming a crust upon it. In 
that case, if the oxide be a conductor, it will itself become the elec- 
trode. . If it be not a conductor it will impede and finally arrest the 
course of the current, and put an end to the electrolysis. If it be 
soluble in water it will disappear from the electrode as fast as it is 
formed, being dissolved by the water 3 and in that case the water 
will become a solution of the oxide, the strength of which will be 
gradually increased as the process is continued. 

If the water composing the bath hold an acid in solution, for which 
thd oxide thus formed at the positive electrode has an affinity, the 
oxide will enter into combination with the acid, and will form a salt 
which will either be dissolved or precipitated, according as it is soluble 
or not in the bath. 

While the oxygen disengaged from the water at the positive elec- 
trode undergoes these various combinations, the hydrogen is fre- 
quently liberated in the free state at the negative electrode, and may 
be collected and measured. In such case it will always be found 
that the quantity of the hydrogen developed at the negative elec- 
trode is the exact equivalent of the oxygen which has entered into 
combination with the metal at the positive electrode, and also that 
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tbe quantity of the meiol oxidated is exactly that which corresponds 
with the quantities of the two gases which are disengaged, and with 
the quantity of water which is decomposed. 

2064. Secondary action of the hydrogen at the negative electrode. 
—•In some cases the hydrogen is not developed in the form of gas 
at the negative electrode, but in its place the pure metal which is 
tbe base of the oxide dissolved in the bath, is deposited there. In 
such cases the phenomena become more complicated, but neverthe- 
less sufl&ciently evident. The hydrogen developed at the negative 
electrode, instead of being disengaged in the free state, attracts the 
oxygen from the oxide, and combining with it forms water, liberat- 
ing at the same time the metallic base of the oxide which is depo- 
sited on the negative electrode. 

Thus there is in such cases both a decompositicm and a.reeoznpo- 
sition of water. It is decomposed at the one electrode to produce 
the oxide, and recomposed at the other electrode to reduce or decom- 
pose the same oxide. * 

2065. Its action on bodies dissolved in the hath. — ^This effect of 
the hydrogen developed at the negative electrode is not limited to 
the oxide or salt produced by the action of the positive electrode. 
It will equally apply to any metallic bxide or salt which may be dis- 
solved in the bath. - Thus, while the oxygen may be disengaged in 
a free state and collected in the gaseous form over the positive elec- 
trode, the hydrogen developed at the negative electrode may reduce 
and decompose any metallic salt or oxide which may have been pre- 
viously dissolved in the bath. 

2066. Example of zinc and platinum electrodes in water. — ^To 
render this more clear, let it be supposed that while the negative 
electrode is still platinum, the positive electrode is a plate of zinc, 
a metal eminently susceptible of oxidation. In this case no gas will ap- 
pear at the zinc, but the protoxide of that metal will be formed. This 
substance being insoluble in water will adhere to the electrode if the 
bath contain pure water; but if it be acidulated, with sulphuric acid 
for example, the protoxide so soon as it is formed will combine with 
the sulphuric acid, producing the salt called the sulphate of zinc, or 
more strictly the sulphate of the oxide of zinc. This being soluble, 
will be dissolved in the bath. 

2067. Secondary effects of the current. — In all these cases the 
primary and, strictly speaking, the only "effect of the current is the 
decomposition of water, and the only substances affected by the elec- 
tric agency are the constituents, oxygen and hydrogen, of the water 
decomposed. All the other phenomena are secondary and subsequent 
to the electrolysis, and depend not on tlie current but on the affini- 
ties of the electrodes and of the substances held in solution by the 
electrolyte for the constituents of the electrolyte and for each other. 
The phenomena, however, though succesisive as regards the physical 
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agencies which' prodace theni; are practically simultaDeous in their 
manifestatioDy and are often so complicated and interlaced in their 
mntnal relations and dependcDcies^ that it is extremely difficult to 
discover a clear and certain analysis of them. 

2068. Compounds which are susceptible of electrolysis. — The elec- 
trolysis of water is, in all its circumstances and conditions, a type 
and example of the phenomena attending the decomposition of other 
compounds by the same agency. 

Compounds are susceptible of electrolysis or not, according to the 
nature, properties, and proportion of their constituents. 

It has been ascertained by direct experiment that most of the 
simple bodies are capable of being disengaged from compounds of 
which ibey may be constituents by electrolysis, and analogy renders 
it probable that all of them have this property. Those which have 
not yet been ascertained to be capable of elimination by this agency, 
include nitrogen, carbon, phosphorus, boron, silicon, and aluminium. 
The difficulty of obtaining these substances in compounds of a form 
adapted to electrolysis, has alone rendered them exceptions to the 
otherwise universally ascertained law. 

2069. Electrolytic dcLssification of the simple bodies, — ^Attempts 
have been made to classify bodies according to the tendencies they 
manifest to pass to the one or the other electrode in the process of 
electrolytic. decomposition, those which evince the strongest tendency 
to' go to the positive electrode being considered in the highest de- 
gree electro-negative, and those which show the strongest tendency 
to go to the negative electrode in the highest degree electro-positive. 
Although experimental researeh has not yet supplied very extensive 
or accurate data for such a classification, the following proposed by 
Berzelius will be found useful as indicating in a general manner the 
electrical characters of a large number of simple bodies, subject, how- 
ever, to such corrections and modifications as further experiment and 
observation may suggest. 

2070. I. Electro-negative bodies. 

1. Oxygen. 8. Selenium. 15. AntimoDj. 

2. Sulphur. 9. Arsenic. 16. Tellurium. 
8. Nitrogen. 10. Chromium. 17. Columbium. 
4. Chlorine. 11. Molydenum. 18. Titanium. 
6. Iodine. *12. Tungsten. 19. Silicon. 

6. Fluorine. 13. Boron. 20. Osmium. 

7. Phosphorus. 14. Carbon. 21. Hydrogen. 

2071. IL Electro-positive bodies. 

1. Potassium. 7. Magnesium. 13. Zinc. 

2. Sodium. 8. Glucinium. 14. Cadmium. 

8. Lithium. 9. Yttrium. 15. Iron. 
4. Barium. 10. Aluminium. 16. Nickel. 
6. Strontium. 11^ Zirconium. 17. Cobalt. 
6. Calcium. 12. Manganese. 18. Cerium. 
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19. Lead. 23. Copper. 27. Platumm. 

20. Tin. 24. Silver. 28. Rhodittm. 

21. Bismuth. 25. Mercury. 29. Iridium. 

22. Uranium. 26. PaUadium. 30. Gold. 

All the bodies named in tlie first series are supposed to be negative 
with relation to those in the second. Each of the bodies in the first 
series is negative, and each of the bodies in the second positive, with 
relation to those which follow. 

The meaning is, that if an electrolyte composed of any two of the 
bodies in the first list be submitted to the action of the current, that 
which stands first in the list will go to the positive electrode ; if an 
electrolyte composed of any body in the first and another in the 
second list be electrolyzed, the former will go to the positive elco- 
trode; and, in fine, if an electrolyte composed of any two of the 
bodies named in the second list be electrolyzed; the first named will 
go to the negative electrode. 

It has been objected that sulphur and nitrogen occupy too high a 
place in the negative scries, these bodies being less negative than 
chlorine and fluorine, and that hydrogen ought rather to be placed in 
the positive series. 

2072. The order of the series not certainly determined. — ^It must 
be observed that the order of the simple bodies in these series has 
not been determined in all cases by the direct observation of the 
phenomena of the electrolysis. It has been in many cases only in- 
ferred from the analo^es suggested by their chemical relations. 

2073. Electrolytes which have compound constituents. — ^When the 
constituents of an electrolyte are compound bodies, the decomposition 
proceeds in the same manner as with those binary compounds whose 
constituents are simple. Most of the salts which have been submit- 
ted to experiment prove to be electrolytes, the acid constituent appear- 
ing at the positive, and the base at the negative electrode. Acids 
are therefore in general regarded as electro-negative bodies analogous 
to oxygen, and alkalies and oxides electro-positive bodies analogous 
to hydrogen. 

2074. According to Faraday^ electrolytes whose constituents are 
simple can only he combined in a single proportion. — ^It appears to 
result from the researches of Faraday, that two simple bodies cannot 
combine in more than one proportion so as to form an electrolyte. 

When hydrochloric acid, whose constituents are chlorine and 
hydrogen, is submitted to the current, electrolysis ensues, the chlo- 
rine appearing at the positive and the hydrogen at the negative 
elcctrodeT 

The protochloridos of the metals composed of the metallic base 
and one equivalent of chlorine are also easily electrolyzed, the <;hlo- 
rinc always appearing at the positive electrode ; but the perchlorides 
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of the same inetsls which contain two or more equivalents of chlo- 
rine are not susceptible of electro! jzation. 

In general, compounds which consist of two simple elements are 
only electrolyzable when their constituents are single equivalents. 
Hence sulphuric acid which has three, and nitric acid which has 
five equivalents of oxygen, are neither of them susceptible of electro- 
Jyzation. 

2075. Apparent exceptions explained hy secondary action. — In 
the investigation of the chemical phenomena which attend the transr- 
mission of the current through liquid compounds, results will be 
occasionally observed which will at first seem incompatible with this 
law. But in these cases the phenomena are invariably the conse- 
quences, not of electrolysis, but of secondary action. Thus, nitric 
acid submitted to the current is decomposed, losing one equivalent 
of its oxygen, and reduced to hyponitric acid. In this case the real 
electrolyte is the water, which always exists in more or less quantity 
in the acid. This water being decomposed, the oxygen is delivered 
at the positive electrode, and the hydrogen developed at the negative 
electrode attracts from the nitric acid one equivalent of its oxygen, 
with which it combines and forms water, reducing the nitric to hypo- 
nitric acid. 

Ammonia, which consists of one equivalent of nitrogen and three 
of hydrogen, is not properly an electrolyte, though iu solution it is 
decomposed by the secondary action of the current. In this case, 
as in the former, the real electrolyte is the water in which the am- 
monia 18 dissolved. Nitrogen and not oxygen is disengaged at the 
positive electrode. The oxygen, which is the primary result of the 
electrolysis of the water, attracts the hydrogen of the ammonia, with 
which it reproduces water and liberates the nitrogen. 

2076. Secondary effects favoured by the nascent state of the con- 
stituents : results of the researches of Becquerel and Crosse. — It is a 
general law in chemistry that substances iu the nascent state, that is, 
when just disengaged from compounds with which they have been 
united, are in a condition most favourable for entering into other 
combinations. This explains the great facility with which the con- 
stituents of electrolytes combine with the electrodes where even a 
feeble affinity prevails, and also the various secondary effects. When 
oxygen is evolved against copper, iron, or zinc, chlorine against gold, 
or sulphur against silver at the electrode, oxides of copper, iron, or 
zinc, chloride of gold, or sulphuret of silver are readily formed. If 
the current producing these changes be of very feeble intensity, so 
that the new compounds are very slowly formed, so slowly as more 
to resemble growth than strong chemical action, they will assume 
the crystalline structure. In this manner Becquerel and Crosse 
have succeeded in obtaining artificially mineral crystals, and exhibit- 
ing on a small scale effects similar to those which are in progress on 
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a scale so vast in ^ the mineral veins which pervade the crust of the 
globe, and which, doubtless, result from feeble electric currents 
established for countless centuries in this strata by the vicissitudes of 
temperature and other physical causes. 

2077. Ths successive action of the same current on different vessels 
of water, — If the same current be conducted successively through a 
series of vessels containing acidulated water, by connecting the water 
in each vessel with the water in the succeeding vessel by platinum 
wires i, i', i", i'", &c., as represented in fig. 661., the current will 

PI f I f H 
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Fig. 661. 

enter each vessel at the extremity o, and will depart from it at the 
extremity h. The water in each vessel will in this case constitute a 
separate electrolyte, and will be decomposed by the current. The 
ends o will be all positive, and the ends h all negative electrodes. 
Oxygen will be disengaged at all the ends o, and hydrogen at all the 
ends A; and if the gases disengaged be collected, the same quantity 
of oxygen will be found to be disengaged at the ends o, and the same 
quantity of hydrogen at the ends A, the volume of the latter being 
double that of the former. The weight of the oxygen produced wiS 
be eight times that of the hydrogen, and the weight of the water 
decomposed will be nine times that of the hydrogen. 

2078. The same current has an uniform electrolytic power, — 
Since it is ascertained by rheometric instruments that the same 
current has everywhere the same intensity, it follows that this 
constant intensity is attended with an electrolytic power of corre- 
sponding uniformity. From this and other similar results it is 
inferred that the quantity of electricity which passes in a current is 
proportional to the quantity of a given electrolyte which the current 
decomposes. 

2079. Voltameter of Faraday, — On this ground Faraday gave 
the name of voltameter to an apparatus similar in principle to 
that described in (2060.), taking water as the standard electrolyte 
by which the quantity of electricity necessary to effect the decom- 
position of any other electrolytes might be measured. Thus, if it is 
found that a current which decomposes in a given time an ounce of 
water, will in the same time decompose two ounces of one electro- 
lyte (a), and three ounces of another electrolyte (b), it is inferred 
that the quantity of electricity necessary to decompose a given weight 
of A is half that which would decompose an equal weight of water, 
and that the quantity necessary to decompose a given weight of B is 
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a third of that which wonld decompose the same weight of water, and, 
in fine, that the quantities of electricity necessary to decompose eqoal 
weights of A and b are in the ratio of 3 to 2. 

2080. Effect of the same current on different electrolytes — Fara- 
day* s IfLw. — If the series of vessels represented in fig, 66 1., con- 

. nected by metallic conductors i, i', &c., instead of containing water, 
contain a series of different electrolytes, each electrolyte will be 
decomposed exactly as it would be if it were the only electrolyte 
through which the current passed. Let us suppose that the first 
vessel of the series which the current enters from p contains water, 
and that means are provided by which the quantities of oxygen and 
hydrogen liberated at o and h shall be indicated, and that in like 
'manner the quantities of the constituents of each of the other electro- 
lytes disengaged at the respective electrodes can be determined. It 
will then be found that for every grain weight of hydrogen liberated 
in the first vessel, the number of grains weight of each of the consti- 
tuents of the several electrolytes disengaged will be expressed by 
their respective chemical equivalents. 

Thus, if c, c', e", c'", &c., be the chemical equivalents of the seve- 
ral constituents of the series of electrolytes, that of hydrogen being 
the unit, and if h express the number of grains weight of hydrogen 
evolved in the voltameter tube over the finst vessel in a given time, 
then the number of grains weight of each of the constituents of the 
several electrolytes which shall be evolved in the same time will be 

6xA, ^xA, ^'xA, ^"xA, &c., &c. 

2081. It comprises secondary results, — This remarkable law 
extends not only to the direct results of electrolysis, but also to all 
the secondary effects of the current. Thus, it applies to the quan- 
tities of the several metallic electrodes which combine with the con- 
stituents which are the immediate results of the electrolysis, and also 
to all combinations and decompositions which result from the affinities 
which may exist between the results primary or secondary of the 
electrolysis and any foreign substances which the electrolyte may 
hold in solution. 

2082. Practical example of its application, — As a practical 
example of the application of this electro-chemical law, let us sup- 
pose the first vessel which the current enters at p to contain water, 
the next iodide of potassium, the succeeding one protochloride of 
tin, the next hydrochloric acid, and the last sulphate of soda. The 
current will severally decompose these, the oxygen, iodine, chlorine 
and acid appearing at the five positive electrodes, and the hydrogen, 
potassium, tin and soda at the five negative electrodes. If the elec- 
trode against which the oxygen is evolved be zinc, the oxide of zino 
will result as a secondary product ; .and if the electrode against which 
the chlorine is evolved be gold, the chloride of that metal will like- 

n. « 35 
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wise be produced by secondary action. The 9hemical equivalents of 
the several substances involved in this process are as follows : — 

Hydrogen 1-00 

Oxygen 800 

Water 900 

Iodine 12G-30 

Potassium 39-26 

Iodide of potassium 165*56 ^ 

Chlorine 35-47 

Tin 67-90 

Protochloride of tin 93-37 

Hydrochloric acid 30-47 

Sulphuric acid 40-10 • 

Soda 31-30 

Sulphate of soda 71-40 

IZinc 32-30 

Gold 199-20 

Oxide of zinc 40-30 

Chloride of gold , 234.67 

It will follow, therefore, from the general electrolytic law above 
stated, that for every grain of hydrogen evolved at the negative 
electrode in the first vessel, the following will be the quantities of the 
chemical results produced in the several vessels : — 

I. Oxygen evolved at positive electrode 8*00 

Water decomposed 9-00 

Zinc oxidated 32-30 

Oxide of zinc produced 40-30 

11. Iodine evolved at the positive electrode 126-30 

Potassium evolved at the negative electrode 39-26 

Iodide decomposed 165-56 

III. Chlorine evolved at the positive electrode 85*47 

Tin evolved at the negative electrode 57*90 

Gold combined at positive electrode 199*20 

Chloride of gold produced 234*67 

Protochloride of tin decomposed 93*37 

IV. Chlorine evolved at positive electrode .-* 35-47 

Hydrogen evolved at negative electrode 1-00 

Hydrochloric acid decomposed 36*47 

V. Sulphuric acid evolved at positive electrode 40-10 

Soda evolved at negative electrode 31-30 

• Sulphate decomposed 71-40 

2083. Sir If. Davy's experiments showing the transfer of the 
constituents of electrolytes througJi intermediate solutions. — If the 
series of vessels containing different electrolytes be connected by 
liquid conductors by means of capillary siphons, instead of the 
metallic conductors by which they are supposed to be connected in 
the cases just described, phenomena are produced, respecting which 
a remarkable discordance has arisen between the highest scientific 
authorities. 

¥rom some of the early experiments of Sir H. Davy, confirmed 
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by those of Gautherpt, Hesinger, and Berzelius, it appeared that the 
▼olt<aio current was not only capable of decomposing various classes 
of chemical compounds, but of transferring or decanting their con- 
stituents successively through two or more vessels, to bring them to 
the respective electrodes at which they are liberated. Davy pushed 
this inquiry to its extreme limits, and by various experiments, char- 
acterised by all that address for which he was so remarkable, arrived 
at certain general results which we shall now briefly state. 
Let a series of cups 

p :m-> A B c D E mr-> n 

be connected by capillary siphons, which may be conveniently formed 
of the fibres of asbestos or amianthus. Let any electrolyte, a solu- 
tion of a neutral salt for example, be placed in c, and let the other 
cups be filled with distilled water. Let a plate of platinum connected 
"with the positive pole of a voltaic battery be immersed in the cup a, 
and a similar plate connected with the negative pole be immersed in 
X. The voltaic current will then enter the scries of cups at a, and 
passing successively from cup to cup through the siphons, will issue 
from them at £, as indicated by the arrows. Let the water in the 
cups A, B, D and e be tinged by the juice of red cabbage, the property 
of which is to be rendered red by the presence of an acid, and green 
by that of an alkali. 

The current thus established will, according to Sir H. Davy, de- 
compose the salt in the cup c. The acid will be transported through 
the two siphons, and the water in b to the positive electrode in A, 
where it will be liberated, and will enter into solution with the tinged 
water. At the same time the alkali will pass through the two 
siphonS; and the cup D to the negative electrode, and will enter into 
solution with the water in e. 

The presence of the acid in A and of the alkali in e will be 
rendered manifest by the red colour irapaited to the contents of the 
former, and the green to the latter. 

2083*. While being trans/erred they are deprived of their chemical 
property, — Although to arrive at A and E respectively, the acid must 
pass through B and the alkali through D, their presence in these 
intermediate cups is not manifested by any change of colour. It wab 
therefore inferred by Sir H. Davy, that so long as the constituentb 
of the salt are under the immediate influence of the current, they 
lose their usual properties, and only recover them when dismissed at 
the electrodes by which they have been respectively attracted. 

If the direction of the current be reversed, so that it shall enter 
at £ and issue from a, the constituents of the salt will be transported 
back to the opposite ends of the series, the acid which had been 
deposited in a, will be transferred successively through the cups B^ c, 
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Dy and the intennediate siphons to the cup e, and the alkali in the 
contrary direction from £ through d^ 0^ b, and the sij)hon8 to A. 
This will be manifested by the chauges of colour of the infusions. 
The liquid in A which had been reddened by the acid, will first 
recover its original color, and then become green according as the 
ratio of the acid to the alkali in it is diminished \ and in like man- 
ner the infusion in £, which had been rendered green by the alkali, 
will gradually recover its primitive colour, and then become red as 
the proportion of, the acid to the alkali in it is augmented. 

During these processes no change of colour will be observed in the 
intermediate cups B and d. 

The intermediate cups B and d being filled with yarioos chemical 
solutions for which the constituents of the salt had strong affinities, 
and with which under any ordinaiy circumstances they would imme- 
diately enter into combination, these constituents nevertheless inva- 
riably passed through the intermediate vessels without producing any 
discoverable effect upon their contents. Thus, sulphuric acid passed 
in this manner through solutions of ammonia, lime, potash, and soda, 
without affecting them. In like manner hydrochloric and nitric acids, 
passed through concentrated alkaline menstrua without any chemical 
effect. In a word, acids and alkalies having the strongest mutual 
affinities, were thus reciprocally made to pass each through the other 
without manifesting any tendency to combination. 

2084. Exception in the case ofj^odvjcing inwlvhU compouvids. — 
Strontia and baryta passed in the same way through muriatic and 
nitric acids, and reciprocally these acids passed with equal facility 
through solutions of strontia and baryta. But an exception was 
encountered when it was attempted to transmit strontia or baryta 
through a solution of sulphuric acid, or vice versd. In this case the 
alkali was arrested in transitu by the acid, or the acid by the alkali, 
and the salt resulting from their combination was precipitated in the 
intermediate cup. 

The exception therefore generalised included those cases in which 
bodies were attempted to be transmitted through menstrua for which 
they have an affinity, and with which they would form an insoluble 
compound. 

2085. This transfer denied hy Faraday. — This transmission of 
chemical substances through solutions with which they have affinities 
by the voltaic current, those affinities being rendered dormant by the 
influence of the current which appeared to be established by the re- 
searches of Davy, published in 1807, and since that period received 
by the whole scientific world as an established principle, has lately 
been affirmed by Dr. Faraday to be founded in error. According to 
Faraday no such transfer of the constituents of a body decomposed 
by the current can or does take place. He maintains that in all 
cases of electrolyzation it is an absolutely indispensable condition 
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that there he a continuous and unbroken scries of particles of the 
electrolyte between the two electrodes at which its constituents are 
disengaged. Thus, when water is decomposed, there must be a con- 
tinuous line of water between the positive electrode at which the 
oxygen is deyeloped and the negative electrode at which the hydro- 
gen is disengaged. In like manner^ when the sulphate of soda or 
any other salt is decomposed, there must be a continuous line of 
particles of the salt between the positive electrode at which the acid 
appears and the negative electrode at which the alkali is deposited. 

Dr. Faraday affirms, that in Davy's celebrated experiments, in 
which the acid and alkaline constituents of the salt appear to be 
drawn through intermediate cups containing pure water or solutions 
of substances foreign to the salt, the decomposition and apparent 
transfer of the constituents of the salt could not have commenced 
until, by capillary attraction, a portion of the salt had passed over 
through the siphons, so that a continuous line of saline particles was 
established between the electrodes. Dr. Faraday admits such a 
transfer of the constituents as may be explained by the series of 
decompositions and recompositions involved in the hypothesis of 
Grotthuss. 

2086. Aj>parent transfer explained hy him on Grotthusf^ hypo- 
thesis, — It is also admitted by*Dr. Faraday, that when pure water 
intervenes between the metallic conductors proceeding from the pile 
and the electrolyte, decomposition may ensue, but he considers that 
in this case the true electrodes are not the extremities of the metallic 
conductors, but the points where the pure water ends and the elec- 
trolyte begins, and that accordingly in such cases the constituents of 
the electrolyte will be disengaged, not at the surfaces of the metallic 
conductors, but at the common surfaces of the water and the elec- 
trolyte. As an example of this he produces the following experi- 
ment. Let a solution of the sulphate of magnesia be covered with 
pure water, care being taken to avoid all admixture of the water 
with the saline solution. Let a plate of platinum proceeding from 
the negative pole of a battery be immersed in the water at some dis- 
tance from the surface of the solution on which the water rests, and 
at the same time let the solution be put in metallic communication 
with the positive pole of the battery. The decomposition of the sul- 
phate will speedily commence, but the magnesia, instead of being 
deposited on the platinum plate immersed in the water, will appear 
at the common surface of the water and the solution. The water, 
therefore, and not the platinum, is in this case the negative elec- 
trode. 

2087. Faraday thinks that conduction and decomposition are 
chsdy related. — Dr. Faraday maintains that the connection between 
conduction and decomposition, so far as relates to liquids which are 
not metallic, is so constant that decomposition may be regarded as 

35* 
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the chief means by which the electric current is transmitted through 
liquid compounds. Nevertheless, he admits, that when the intensity 
of a current is too feeble to effect decomposition, a quantity of elec- 
tricity is transmitted sufficient to affect the rheoscope. 

In accordance with those principles, Faraday affirms that water 
which conducts the electric current in its liquid state, ceases to do 
80 when it is congealed, and then it also resists decomposition, and 
in fine ceases to be an electrolyte. He holds that the same is true 
of all electrolytes. 

2088. Maintains that non-metallic . liquids ovily conduct when 
capable of decomposition by the current. — The connection between 
decomposition and conduction is further manifested, according to 
Dr. Faraday^ by the fact that liquids which do not admit of electro- 
chemical decomposition, do not give passage to the voltaic current. 
In short, that electrolytes are the only liquid non-metallic conductors. 

2089. Faraday^ doctrine^ not universally acc^ted — Pouillefs 
observations, — These views of Dr. Faraday have not yet obtained 
general acceptation ; nor have the discoveries of Davy of the transfer 
and decantation of the constituents of electrolytes through solutions 
foreign to them, been yet admitted to be overthrown. Peschel and 
other German authorities in full possession of Faraday's views and 
the results of his experimental researches, still continue to reproduce 
Davy's experiments, and to refer to their results and consequences 
as established facts. Pouillet, writing in 1847, and also in posses- 
sion of Faraday's researches, which he largely quotes, maintains 
nevertheless the transport of the constituents under conditions more 
extraordinary still, and more incompatible with Faraday's doctrine 
than any imagined by Davy. In electro-chemical decomposition he 
says, — "There is at once separation and transport. Numberless 
attempts have been made to seize the molecule of water which is 
decomposed, or to arrest en route the atoms of the constituent gases 
before their arrival at the electrodes, but without success. For 
example, if two cups of water, one containing the positive and the 
other the negative wire of a battery, be connected by any conductor, 
singular phenomena will be observed. If the intermediate conductor 
be metallic, decomposition will take place independently in both 
cups" (as already described), " but if the intermediate conductor be 
the human body, as when a person dips a finger of one hand into the 
waf^r in one cup, and a finger of the other hand into the other, the 
decomposition will sometimes proceed as in the case of a metallic 
connection ; but more generally oxygen will be disengaged at the 
wire which enters the positive cup, and hydrogen at the wire which 
enters the negative cup, no gases appearing at the fingers immersed 
in the one and the other. It would thus appear that one or other 
of the constituent gases must pass through the body of the operator 
in order to arrive at the pole at which it is disengaged. And even 
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vhm tlie tiro cups arc coDoecled by & piece of ice, the decompositioD 
proceeds in the same manner, one or other gas appearing to pan 
throagh th^ ice, since tbej are disengaged at the polcE in the sepa- 
rate caps in the same manner," * 

2090. Davj/t experiments repeated and confirmed by Becquerel. 
— The experiments of Davy, in which the transfer of the coostito- 
enls of an electrolyte through water and through sotutjons for which 
t^ieee constituents have affinities, was demoDstnitcd, hare been re- 
peated by Becquerel, who has obtained the same results. The capil- 
lary siphons used by Becquerel were glass tubes filled with moistened 
clay. He also found that the case in which the constituent trans- 
ferred would form an insoluble compound with the matter forming 
the intermediate solution, forma an exception to this principle of ' 
bansferj hot he olserved that this only happens when (he intensity 
of the current is insufficient to decompose the compound thus formed 
in the intermediate solution. f ^ 

2091. The electrodes proved to exercise different eleclroli/tic povien 
6y PouiUet. — The question whether the decomposing agency resides 
altogether at one or at the other electrode, or is shared between them, 
has been recently inyeatigated by M. Pouillet. 

Let three tubes of glass having the form of the letter U, fig. 662., 
be prepared, each of the vcrit^I arma 
being about five inches long, and half 
' an inch in diameter. Let the curved 

Eart of the tubes connecting the legs 
ave a diameter of about the twen- 
tieth of an inch when the solutions 
used are good conductors, but the 
game diameter as the tubes themselves 
when the coadacting power is more 
imperfect. In this latter case, how- 
ever, the results are less exact and 
satisfactory. 

Let platinum wires e and e* pro- 
ceeding from the poles of a voltaic 
battery be plunged in the first and last tubes, and let the Interme- 
diate tubes be connected by similar wires 1 1' and i" iil"'. Let acida- 
latcd water be poured into the tube £ I, and the solutions on which 
the relative effects of the two electrodes are to bo examined, into the 
other tubes 1 1" and i"' e'. After the electrolysis has been continued 
for a certun time, the quantity of the solution decomposed in each 
leg may be ascert^ned by submitting the contents of each leg to 
analysis. The quantity remaining nndecomposed being thus asccr- 




Fig. se:. 
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tained and subtracted from the original quantity, the remainder will 
be the quantity decomposed, since the fluids are prevented from inter- 
mixing to any sensible extent by the smallness of the connecting tube, 
and by being nearly at the same level during the process. It may be 
assumed that the decomposing agencies of the two electrodes will be 
proportional to the quantities of the solutions decomposed in the legs 
in which they are respectively immersed. 

2092. Case in which the negative electrode alone acts, — The 
current being flrst transmitted through a voltameter to indicate the 
actual quantity of electricity transmitted, the tubes E i, i' i" and 
i'" e' were filled, the first with a solution of the chloride of gold, the 
next with the chloride of copper, and the third with the chloride of 
zinc. After the lapse of a certain interval the contents of the tubes 
were severally examined, and it was found that the solutions in legs 
in which the positive electrodes were immersed had suffered no de- 
composition. The quantities of the chlorides contained in them 
respectively were undiminished, while the chloride in each of the 
legs containing the negative electrodes was diminished by exactly the 
quantity corresponding to the metal deposited in the negative wire, 
and the chlorine transferred to the positive ,leg. 

It was therefore inferred that in these cases the entire decom- 
posing agency must be ascribed to the negative electrode. 

The same results were obtained for the other metallic chlorides. 

2093. Cases in which the electrodes act unequally, — The alkaline 
chlorides showed somewhat different properties. In the case of the 
chloride of magnesium the agency of the negative was found to be 
greater than that of the positive electrode, but it was not exclusively 
efficacious. In the xiases of the chlorides of potassium, sodium, bari- 
um, &c., the agency of the positive electrode was found to be greater 
than the negative in the ratio of about three to one. 

2094. Liquid electrodes — Series of electrolytes in immediate 
contact. — In general, the electrodes by which the current enters and 
departs from an electrolyte, are solid and most frequently metallic 
conductors. In an experiment already cited (2086), Faraday has 
shown that water may become an electrode, and Pouillet in some 
recent experiments has succeeded in generalising this result, and 
has shown not only that the current may be transmitted to and 
received from an electrolyte by liquid condnctors, but that a series 
of different electrolytes may become mutual electrodes, the current 
passing immediately from one to the other without any intermediate 
conductor, solid or liquid, and that each of them shall be electrolysed. 
Thus suppose that the series of electrolytes are expressed by 

^-> A B c D 

a a' hV cd dd 
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the onmtit ts indiattecl b; the arrows entering A, and departiog 
from ]>, and being anppoeed ta have sufficient iDteoaitj to effect the 
electrol;^ of all the solatioos. Let the electro-negalire constitnenta 
be e^reB§ed by a, b, c, d, and the electro-positive bj a', V, c*, (T. 
It ia evident that the points at which any two succeeding solutiona 
touch, will be at the same time the negative electrode of the first, 
and the poeidve electrode of the second, and that, consequently, the 
pamtive constitoent of the first and the negative constitueat of the 
second will be disengaged at thia point, and being in the nascent 
state will be onder the most favourable conditions to combine lo 
'virtne of their affinities, and so to form new coniponnds bb secondarj 
efieote. Thus, Ibe common surface of A and b will be the negative 
electrode of a, and the positive electrode of b, because it ia at this 
sur&ce that the current departs from a and enters B, and accordingly 
the electro-positive constitueat a' of a, and the electro-negative con- 
Btitaeat fi of B, will he developed at this common sur&oe, and if they 
have affinity, will enter into combination. 

2095. Ekeperimentdlilluitration of ihu. — These principles may 
be experimentally illustrated and verified by placing the electrolytic 
solutions in U-shoped tubes t, t', t", 
J, as represented in Jig. 663. Let two 
'V' electrolytic solutioDs A and B be in- 
troduced into the first tube t, so 
carefully aa to prevent them from 
I D intermixing, and let their common 
surface be at o. In like manner let 
the solutions B and o be introduced 
into the tube t', and the solutions 
and D into the tabe r", their common 
surfaces being at o' and o". Let the 
legs of the tubes t and t', which 
Fig. flS3. contain the solution b, be connected 

by a glass upbon containing the same 
BcJntioD, and the legs of the tubes t* and T* , containing the solution 
0, be nmilarly connected. Let the positive wire of a battery be im- 
mersed in A, and the negative wire in d, the current being sufficiently 
intense to electrolyse alt the solutions.* 

In this case o will be the poMtive electrode of b, and the nega- 
tive electrode of a, o' the positive electrode of o, and the negative 
electrode of b, and o" the positive electrode of d, and tbe negative 
electrode of o. 

* This Ib not the experimental arrangement adopted bj M. Ponillet It 
has ocaiirred to me, a« a method of eibibitiDg his principle ander a diotb 
giDerat fono aad BomBwhat more clearlj and Batisfactoriiy than Mb appa- 
ratus, in which th« liphoni s, a' have no plaoa. 
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If A be pure water, b the chloride of zinc, the water being decom- 
posed, oxygen will be disengaged at the positive wire, and hydrogen 
at the common surface o. The chloride being also decomposed, the 
chlorine, its electro-negative constituent, will be disengaged at o, 
where it will enter into combination with the hydrogen, and form 
hydrochloric acid, the presence of whiqh may be ascertained by the 
usual tests. The oxide of zinc, the electro-positive constituent of B, 
will be disengaged at o', and will form a compound with the electro- 
^negative constituent of c, and so on. 

^ 2096. Electrolysis of the alkalies and earths, — The decomposing 

/ power of the voltaic current had not long been known before it be- 

/ came, in the hands of Sir H. Davy and his successors, the means of 

I resolving the alkalies and earths, before that time considered as simple 

^ bodies, into their constituents. This class of bodies was shown to be 

oxidised metals. When submitted to such conditions as enabled a 

strong voltaic current to pass through them, oxygen was liberated at 

the positive electrode, and the metallic base appeared at the negative 

electrode. 

2097. The series -of new metals, — A new series of metals was 
thus discovered, which received names derived from those of the 
alkalies and earths of which they formed the bases. Thus, the metallic 
b^e of potash wad called potassium, that of soda, sodium, that of 
lime, OALOiUM, that of silica, silioium, and bo on. 

In many cases it is difficult to maintain those metals in their sim- 
ple state, owing to their strong affinity for oxygen. Thus potassium, 
if exposed to the atmosphere at common temperatures, enters directly 
into combination with the air, and bums. When it is desired to 
collect and preserve it in the metallic state it is decomposed by the 
current in contact with mercury, with which it enters into combina- 
tion, forming an amalgam. It is afterwards separated by distillation 
from the mercury, and preserved in the metallic state under the oil 
of naphtha, in a glass tube hermetically closed, the air being pre- 
viously expelled. 

2098. Schoenhein's experiments on the passiviti/ of iron, — ^Among 
the effects of the voltaic current which have been not satisfactorily 
or not at all explained, are those by which iron, under certain con- 
ditions, is enabled to resist oxidation even when exposed to agents 
of the greatest power; such, for example, as nitric acid. The most 
remarkable researches on this subject are those of Schoenbein. In 
his experiments, the wires proceeding from the poles of the battery 
were immersed in two mercurial cups, which we shall call p and N. 
A bath of water B, acidulated with about 8 per cent, of sulphuric 
acid, was then connected with the cup N by a platinum wire. A 
piece of iron wire was placed with one extremity in p, and the other 
ic the bath B. No oxidation was manifested at the end immersed in 
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ihe bath, and no hydrogen was evolved at the platinum wire. In 
fine, no electrolysis took pliice. 

Several circumstaDces were found to restore to the iron its oxidable 
property, and to establish the electrolysis of the liquid in the bath, 
but only for a short interval of a few seconds. These circurostances 
were :-=-!. The contact for a moment of the platinum and iron wires 
in the bath. 2. The momentary suspension of the current by break- 
ing the contact at any point of the circuit. 3. The contact of any 
oxidable metal, such as zinc, tin, copper, or silver, with the iron in the 
bath. 4. The momentary diversion of a portion of the current, by 
connecting the cups P and N by a copper wire, without breaking the 
connections of the original circuit. 5. By agitating the end of the 
iron wire in the bath. 

If in connecting p and B by the iron wire, the wire be first im- 
mersed in B, oxidation will take place for some seconds after the other 
acid is immersed in p. 

The intensity of the current diverted by connecting the cups p and 
N by a copper wire, can be. varied at pleasure by varying the length 
and section of the connecting wire (2063.). When such a derived 
current is established, several curious and interesting phenomena are 
observed. When the derived current has great intensity, no effect 
is produced' upon the iron. Upon gradually diminishing the inten- 
sity of the derived current, the iron becomes active, that is, suscept- 
ible of oxidation. Wiih a less intensity it again hecomes passive, 
and the oxidation ceases. As the derived current is gradually re- 
duced to that intensity at which the iron becomes permanently pas- 
sive, there are several successive periods during which it is alter- 
nately active and passive, the intervals between these periods being 
less and less. In the apparatus of SchoBubein the iron became per- 
manently acftive when the copper wire conducting the derived current 
was half a line thick, and from 6 inches to 16 feet long. 

These effects are reproduced with all the oxacids, but are not mani- 
fested either with the hydracids or the Haloid salts. 

2099. Other methods of rendering iron passive. — Iron may be 
rendered passive also by placing it as the positive plectrode in a solu- 
tion of acetate of lead with a current of ordinary intensity. The 
iron should be immersed in the solution for about half a minute to a 
depth of about half an inch. A wire thus treated being washed 
clean, acquires the permanently passive property, even though the 
part immersed in the solution has not been coated with the peroxide 
of lead. And in this case the conditions above stated under which it 
recovers momentarily its active character, becomes inoperative. 

Iron thus galvanised: acquires to a great degree the virtue of pla- 
tinum and* the other highly negative metals, and for many purposes 
may be substituted for them. Thus Schoenbeiu has constructed vol- 
taic batteries of passive iron and zinc. 
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The iron wire used for telegraphic purposes is rendered passive 
by this process- 

2100. Tree of Saturn, — The well known experiment of the 
Tree of Saturn presents a remarkable example of the effect of a 
feeble current of long continuance. A bundle of brass wires is 
passed through a hole made longitudinally through the centre of a 
bottle cork, and fitted tightly in it so as to diverge in a sort of cone 
from the bottom of the cork. A plate of zinc is then tied round the 
wires at the point where they diverge from the cork, so as to be in 
contact with all the wires. The wires and cork are then introduced 
into a glass flask containing a limpid solution of the acetate of lead, 
and the top of the cork luted over to prevent the admission of air. 
The zinc and brass thus immersed in the solution form a voltaic pair, 
and a current passes through the solution from the zinc to the wire. 
The water of the solution is slowly decomposed, the oxygen com- 
bining with the zinc, and the hydrogen attracting the oxygen from 
the oxide of lead, and reproducing water, while the metallic lead 
attaches itself to the wires. The acetic acid liberated by the secon- 
dary decomposition of the acetate of lead, enters into combination with 
the oxide of zinc, and produces the acetate of that metal, which 
passes into solution in the water. The contents of the flask are 
gradually converted into a solution of the acetate of zinc, and the 
metallic lead, the process being very slow, is crystallised in a variety 
of beautiful forms upon the divergent brass wire. 

2101. Davy* 8 method of preserving the copper sheathing of ships, 
— The method proposed by Sir H. Davy to preserve from corrosion 
the copper sheathing of ships, depends on the long-continued action 
of feeble currents. The copper is unit§d with a mass of zinc, iron, 
or some more oxidable metal, so as to form a voltaic combination. 
The sea-water being a weak solution of^salt, a feeble permanent cur- 
rent is established between the more and less oxidable metals, pass- 
ing through the water from the latter to the former, and causing its 
slow decomposition. The oxygen combines with the protecting 
metal, and the hydrogen disengaged on the copper, decomposes the 
salts held in solution in the sea-water, attracting their oxide consti- 
tuents, such as lime, magnesia, &c., which are deposited upon the 
copper in a rough crust. Upon the coating thus formed collect ma- 
rine vegetation, shells, and other substances. Thus, while the cop- 
per sheathing is preserved from corrosion, there arises the counter- 
acting circumstance of an appendage to the hull of the ship, which 
impedes its sailing qualities. 

2102. Chemical effects produced in voltaic batteries. — The fluids 
intei*posed between the solid elements of all forms of voltaic arrange- 
ments may be regarded as electrolytes, the solid elements in contact 
with them being the electrodes. In all arrangements in which one 
acid solution is interposed between two solids, one of which is more 
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ozidable than the other, the primary chemical effect is the decompo- 
edtion of the water of the solution, the oxygen being disengaged upon 
the more and the hydrogen upon the less oxidable metal. The par- 
tisans of the chemical origin of the current contend, that in this case 
the oxygen gives up its negative electricity to the more oxidable, 
and the hydrogen its positive to the less oxidable metal, so that if 
those metals be connected by a metallic wire outside the system, a 
current will be established on the wire, directed from the less to the 
more oxidable metal, which is found to be in effect what actually 
takes place. 

The secondary effects are very various and complicated, and are 
in accordance with the principles of electrolytic action already ex- 
plained. The first is a production of an oxide of the more oxidable 
metal. If the liquid element be an acid solution, this oxide will, in 
genera], enter into combination with the acid, forming a salt which 
will be the next secondary effect. The hydrogen evolved against the 
less oxidable metal, may either be liberated in the gaseous state, or 
attract an equivalent of oxygen from one of the substances dissolved 
in the liquid element, thereby reproducing water^ and decomposing 
the substances thus attacked. 

2103. Effect of amalgamating the zinc. — The advantage which 
attends the amalgamation of the zinc (1862.), in batteries in which 
that metal is used, is, that it is thus protected from the direct action 
of the acid by which the metal would be consumed, without contri- 
buting to the supply of the current. Zinc being a metal eminently 
snsceptible of oxidation, would be affected by the acid even in the 
weakest solutions, and a portion of the metal more or less according 
to the strength of the solution would be oxidated, a corresponding 
quantity, of the acid being decomposed. This would produce the 
twofold inconvenience of the ineffectual consumption of both the 
metal and the acid. By the process of amalgamation the surface of 
the zinc is coated with a thin stratum of amalgam, wliich is proof 
against the acid^ and which on the other hand increases the suscepti- 
bility of the metal to combine with the oxygen disengaged from the 
water by the current. 

2104. Effects in Sm^'s hatter^. — The preceding observations 
are more or less applicable to all the single fluid arrangements 
described in (1858.) to (1863.), as well as to Smee's system 
(1870.). It has been found that the intensity of the current in the 
system of Smee, has been greatly augmented by platinisation of the 
surface of the metal used as the negative pole of the system. The 
process by which this effect is produced is as follows. The surface 
of the metal being scrape'd quite clean, it is immersed in a solution 
of the double chloride of potassium and platinum, and being con- 
nected with the negative pole of a battery, of which the possitive 
pole is connected with the solution by a plate of platinum immersed 

II. 3G 
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in it, electrolysation takes place, platinum being deposited on the 
negative electrode as a secondary result. The positive platinum 
electrode is meanwhile attacked by the chlorine, and dissolved so as 
to maintain the solution in the proper state of saturation. 

Mr. Smee, after trying plates of iron and silver, substituted for 
them plates of platinum, the surface of which was platinised by this 
process, and an improved action ensued. M. Bouquillon substituted 
for them a plate of copper, upon the surface of which a rough coating 
of copper was first deposited by a similar process, and upon this a 
coating of silver, over which a coating of platinum was deposited. 
By this means the plate is stated to have acquired in the highest 
degree the power of liberating the hydrogen, and stimulating the 
current. 

2105. In Wheatstone's hattery. — In the system of Wheatstone 
(1871.)? in which a single fluid, a saturated solution of sulphate of 
copper^ is used as the exciting fluid, the water of the solution is elec- 
trolysed. The oxygen combines with the zinc of the amalgam, and 
forms as a secondary result an oxide. The hydrogen disengaged 
upon the copper acts upon the sulphate, whose constituents are sul- 
phuric acid and the protoxide of copper. It attracts the oxygen 
from the protoxide, with which it combines, forming water. The 
metallic copper and the acid are both liberated, the latter entering 
into combination with the oxide of zinc, and forming the sulphate 
of that oxide. For each equivalent of zinc oxidated, there is there- 
fore an equivalent of metallic copper, and an equivalent of the sul- 
phate of the oxide* of zinc produced. 

,2106. In the two fluid batteries. — In batteries in which two fluids 
separated by a porous diaphragm are interposed between the solid 
elements, chemical eflects somewhat more complicated are exhibited, 
and indeed authorities are not in accordance as to the principles on 
which the phenomena are explicable. 

2107. Grove's hattery. — In the case of Grove's battery (1865.), 
the primary phenomenon is the decomposition of the water of the two 
solutions which is effected through the cylinder of porous porcelain, 
the oxygen being disengaged upon the zinc, and the hydrogen upon 
the platinum. The secondary effects are — 1. The oxidation of the 
zinc. 2. The combination of the oxide with the acid, 'producing 
sulphate of zinc, which is deposited in the acid solution. 3. The 
combination of the hydrogen with one equivalent of the oxygen of 
the nitric acid, by which water is reproduced, and the nitric reduced 
to hyponitric acid, which is evolved in the gaseous state. 

2108. Bunsen's battery. — The same phenomena are manifested in 
the battery of Bun sen (1866.), which differs from that of Grove only 
in the substitution of the carbon f(ir the platinum element. 

2109. DanieVs battory — The theory of the chemical phenomena 
(feveioped in the operation of Daniel's constant battery (1867.), has 
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not been clearly determined. During the performance of the appa- 
ratus metallic copper is deposited on the copper cylinder cc,fig. 541, 
which contains the solution of the sulphate of copper. The solution 
itself would become gradually less concentrated, but it is maintained 
in a state of saturation by the continual dissolutioti of the salt, which 
rests upon the wire grating g, and the sulphate of the oxide of zinc 
accumulates, in the cylinder^. The fluid in .this vessel pp, which 
is at the beginning a weak solution of sulphuric acid, is gradually 
converted into a solution of the^ulphate of zinc, which is stated by 
Pfaff, Poggendorf, and others to be nearly as effective as an exciting 
fluid as the original acid solution. The electromotive virtue of the 
zinc in this case is therefore but little, and that of the copper not at 
all impaired by the continued action of the battery. 

The chemical changes which are effiected in this battery may be 
explained as follows. A double electrolysis may be imagined as a 
primary effect, that of the water contained in the two solutions, the 
electfolytic action being transmitted through the intermediate porous 
cylinder and that of the sulphate, the acid constituent b^ing trans- 
mitted to the zinc through the porous cylinder, and through the solu- 
tion contained in it in the same manner as the constituents of the 
electrolyte in Davy's experiments (2082.), were transmitted through 
the capillary siphons and the intermediate solutions. The secondary 
phenomena would be as follows : — The hydrogen of the decomposed 
water developed on the copper in a nascent state, would attract the 
oxygen of the oxide of copper also developed on the copper in a 
nascent state by the decomposition 'of the salt. Water would thus 
be reproduced in a quantity equal to that lost by decomposition, and 
the metallic copper of the oxide would be deposited on the copper 
cylinder. The solution of the sulphate being reduced below satura- 
tion by the amount of the salt thus decomposed, an equal quantity 
would be received by dissolution from the salt in G, which would 
restore it to the state of saturation. Meanwhile the acid constituent 
of the salt would be transferred to the zinc, where it would combine 
with the oxide of that metal formed by its combination with the 
oxygen of the decomposed water developed upon it, and the sulphate 
of the oxide would be formed, which would be dissolved in the solu- 
tion, leaving the amalgated zinc free to the further operation of the 
current. 

This interpretation of the phenomena cannot be admitted by those 
who, with Dr. Faraday, reject the principle of the transfer of an 
electrolyte through a menstruum foreign to it, unless indeed it be 
assumed that some small portions of the sulphate must pass through 
the porous cylinder, and mix with the acid solution. 

However this may be, we arc not aware that any other satisfactory 
explanation has been proposed for the phenomena developed in this 
battery. 
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CHAP. XIII. 



ELECTRO-METALLURGY. 



2110. Origin of this art — ^The decomposing power of the voltaic 
current applied to solutions of the salts and oxides of metals has 
supplied various processes to the industrial artS; which inventors, 
improvers, and manufacturers have denominated galvano-plastic, 
electro-plastic, galvano-type, electrotype, and electro plating and gild- 
ing. These processes and their results may he comprehended under 
the more general denomination, Electro-metallurgy. 

2111. The metallic constituent deposited on the negative dec- , 
trode. — If a current of sufficient intensity be transmitted through a 
solution of a salt or oxide, having a metallic base, it will be under- 
stood, from what has been already explained, that while the oxygen 
or acid is developed at the positive electrode, the metal will be evolved 
either by the primaiy or secondary action of the current at the negar 
tive electrode, and being in the nascent state, will have a tendency 
to combine with it, if there be an affinity, or to adhere to it by mere 
cohesion, if not. 

2112. Any hody may he used as the negative electrode, — The 
bodies used as electrodes must be superficially conductors, since 
otherwise the current could not pass between them ; but subject to 
this condition, they may have any material form or magnitude which 
is compatible with their immersion in the solution. If the body be 
metallic, its surface has necessarily the conducting property. If it 
be formed of a material which is a non-conductor, or an imperfect 
conductor, the power of conduction may be imparted to its surface 
by coating it with finely powdered black lead and other similar expe- 
dients. This process is called metallising the surface. 

2113. Use of a soluble positive electrode, — By the continuance of 
the process of decomposition the solution would be rendered gradu- 
ally weaker, and the deposition of the metal would go on more 
slowly. This inconvenience is remedied by using, as the positive 
electrode, a plate of the same metal, which is deposited on the negji- 
tive electrode. The acid or oxygen liberated in the decomposition, 
in this case, enters into combination with the metal of the positive 
electrode, and produces as much salt or oxide, as is decomposed at 
the other electrode, which salt or oxide being dissolved as fast as it 
is formed, maintains the solution at a nearly uniform degree of 
strength. 

2114. Conditions which affect the state of the metal deposited. — 
The state of the metal disengaged at the negative electrode depends 
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on the intensity of the current, the strength of the solution, its 
acidity, and its temperature, and the regulation of these conditions in 
each particular case, will require much practical skill on the part of 
the operator, since few general rules can be given for his direction. 

In the case, for example, of a solution of one of the salts of copper, 
a feeble current will deposit on the electrode a coating of copper so 
malleable that it may be cut with a knife. AVith a more intense 
cuFrent the metal will become harder. As the intensity of the cur- 
rent is gradually augmented, it becomes successively brittle, granulous, 
crystalline, rough, pulverulent, and in fine loses all cohesion, — prac- 
tice alone will enable the operator to observe the conditions necessary 
to give the coating deposited on the electrode the desired quality. 

2115. The^d^posit to he of uniform thickness. — It is in all cases 
desirable, and in many indispensable, that' the metallic coating depo- 
sited on the electrode shall have an uniform thickness. To insure 
this, conditions should be established which will render the action 
of the current on every part of the surface of the electrode uniform, 
so that the same quantity of metal may be deposited in the same 
time. Many precautions are necessary to attain this object. Both 
electrodes should be connected at several points with the conductors, 
which go to the poles of the battery, and they should be presented to 
each other so that the intermediate spaces should be as nearly as 
possible equal, since the intensities of the currents between point and 
point vary with the distance. The deposition of the metal is also 
much influenced by the form of the body. It is in general more 
freely made on the salient and projecting partS; than in those which 
are sunk. 

2116. Means to prevent absorption of tJie solution hy tlie elec- 
trode, — II the body on which the metallic deposit is made be one 
which is liable to absorb the solution, a coating of some substance 
must be previously given to it which shall be impervious to the 
solution. 

2117. Non-conducting coating used where partial deposit is re- 
quired: — When a part only of a metallic or other conducting body 
is desired to be coated with the metallic deposit, all the parts im- 
mersed not intended to be so coated are protected by a coating of 
wax, tallow, or other non-conductor. 

2118. Application of these principles to gilding, silvering, dsc.-^ 
The most extensive and useful application of these principles in tho 
arts is the processes of gilding and silvering articles made of the baser 
metals. The article to be coated with gold being previously made 
perfectly clean, is connected with the negative pole of the battery, 
while a plate of gold is connected with its positive pole. Both are 
then immersed in a bath consisting of a solution of the chloride of 
gold and cyanide of potassium, in proportions which vary with differ- 
ent gilders. Practice varies also as to the temperature and. strength 

36* 
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of the solution. The chloride is decomposed, the metallic lipase being 
deposited as a coating on the article connected with the negative pole, 
and the chloride combining with a corresponding portion of the gold 
connected with the positive pole, and reproducing the chloride which 
is dissolved in the bath as fast as it is decomposed, thus maintaining 
the strength of the solution. 

A coating of silver, copper, cobalt, nickeL and other metals is 
deposited by similar processes. 

2119. Cases in which the coating is inadhestve^-^—When the arti- 
cle on which the coating is deposited is metallic, the coating will in 
some cases adhere with great tenacity. In others, the result is less 
satisfactory; as, for example, where gold is deposited on iron or steel. 
In such cases the difficulty may be surmounted by first coating the 
article with a metal which will adhere to it, and then depositing upon 
this the definitive coating. 

2120. Application to gilding^ silvering, or bronzing objects of 
art — The extreme tenuity with which a metallic coating may be 
deposited by such processes, supplies the means of imparting to 
various objects of art the external appearance and qualities of any 
proposed metal, without impairing in the slightest degree their most 
delicate forms and lineaments. The most exquisitely moulded 
statuette in plaster may thus acquire all the appearance of having 
been executed in gold, silver, copper, or bronze, without losing any 
of the artistic details on which its beauty depends. 

2121. Production of metallic moulds of articles. — Kit be desired 
to produce a metallic mould of any object, it is generally necessary 
to mould it in separate pieces, which being afterwards combined, a 
mould of the whole is obtained. That part intended to be moulded - 
is first rubbed with sweet oil, black-lead, or some other lubricant, 
which will prevent the metal deposited from adhering to it, without 
separating the mould from the surface, in so sensible a degree as to 
prevent the perfect correspondence of the mould with the original. 
All that part not intended to be moulded is invested with wax or 
other material, to intercept the solution. The object being then 
immersed, and the electrolysis established, the metal will be depo- 
sited on the exposed surface. When it has attained a sufficient 
thickness the object is withdrawn from the solution, and the metallic 
deposit detached. It will be found to exhibit, with the utmost possi- 
ble precision, an impression of the original. The same process being 
repeated for each part of the object, and the partial moulds thus 
obtained being combined, a metallic mould of the whole will be 
produced. 

2122. Production of objects in solid metal, — To reproduce any 
object in metal it is only necessary to fill the mould of it, obtained 
by the process above explained, with the solution of the metal of 
which it is desired to form the object, the surface of the mould being 
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previously prepared, so as to prevent adhesion. The solution is then 
put in connection with the positive pole of the pile, while the mould 
is put in connection with the negative pole. The metal is deposited 
on the mould, and when it has attained the necessary thickness the 
mould is detached, and the object is obtained. 

In general, however, it is found more convenient to mould the 
object to be reproduced in metal by the ordinary processes in wax, 
plaster of paris, or fusible alloy. When they are made in wax, plaster, 
or any non-conducting material, their inner surfaces must be rubbed 
with black-lead, to give them the conducting power. When the 
deposit is made of the necessary thickness, the mould is broken off 
or otherwise detached. 

Statues, statuettes, and bas-reliefs in plaster can thus be repro- 
duced in metal with the greatest facility and precision, at an 
expense not much exceeding that of the metal of which they are 
formed. 

2123. Reproduction of stereotypes and engraved plates. — A 
mould in plaster of paris or wax being taken from a wood en- 
graving and a stereotype plate, a stereotype may be obtained from 
the mould by the processes above described. Stereotypes by the 
ordinary processes of casting in type-metal are, however, produced at 
less expense. 

Copper or steel engraved plates may be multiplied by like methods. 
A mould is first taken, which exhibits the engraving in relief. A 
metallic plate deposited upon this by the electrolytic process will 
reproduce the engraved plate. 

2124. Metallising textile fabrics, — The electro-metallurgic pro- 
cesses have been extended by ingenious contrivances to other sub- 
stances besides metal. Thus a coating of metal may be deposited 
on cloth, lace, or other woven fabric, by various ingenious expedients, 
of which the following is an example : — On a plate of copper attach 
smoothly a cloth of linen, cotton, or wool, and then connect the 
plate with a negative pole of a voltaic battery, immerse it in a solu- 
tion of the metal with which it is to be coated, and connect a piece 
of the same metal with the positive pole ; decomposition will then 
commence, and the molecules of metal, as they are separated from 
the solution, must pass through the cloth in advancing to the copper 
to which the cloth is attached. In their passage through the cloth 
they are more or less arrested by it. They insinuate themselves into 
its pores, and, in fine, form a complete metallic cloth. Lace is metal- 
lised in this way by first coating it with plumbago, and then subject- 
ing it to the electro-metallurgic process. 

Quills, feathers, flowers, and other delicate fibrous substances may 
be metallised in the same way. In the case of the most delicate of 
these the article is first dipped into a solution of phosphorus and 
sulphate of carbon, and is well wetted with the liquid. It is then 
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immersed in a solution of nitrate of silver. Phosphorus has the 
property of reviving silver and gold from their solutions. Conse- 
quently, the article is immediately coated with a very attenuated fibre 
of the metal. 

2125. Glyphography. — If a thin stratum of wax or other soft 
substance be spread upon a plate of metal, any subject or design may 
be engraved upon the coating without more labour than would be 
expended on a pencil drawing. When the engraving is thus made 
on the wax it is subjected to the electrotype process, by which a 
sheet of copper or other metal is deposited upon it. When this is 
detached it exhibits in relief the engraving, from which impressions 
may be produced in the same manner as from a wood engraving, to 
which it is altogether analogous. 

2126. R^rodtLction of Daguerreotypes. — One of the most re- 
markable and unexpected applications of the electrotype process is to 
Daguerreotypes. The picture being taken upon the plate by the 
usual process of Daguerreotype, a small part of the back is cleaned 
with sand-paper, taking care not to allow the face of the plate to bo 
touched. A piece of wife is then soldered to the part of the back 
thus prepared. The plate is then immersed in a solution of copper, 
and connected with the battery, the back being protected by a 
coating of wax. After a deposit of sufficient depth has been made 
upon the face of the plate, it is withdrawn from the solution, and 
the plate of copper deposited being detached, exhibits the picture with 
an expression softer and finer than the original. By this process 
when conducted with skill, several copies may be taken from the 
same Daguerreotype.. 

If the electrotype copy thus obtained be passed through a weak 
solution of the cyanide of gold and potassium in connection with a 
weak battery, a beautiful golden tint will be imparted to the picture, 
which serves to protect it from being tarnished. 



CHAP. XIV. 

ELECTRO-TELEGRAPHY. 

2127. Common principle of all electric telegraphs. — Of all the 
applications of electric agency to the uses of life, that which is 
transcendently the most admirable in its effects, and the most im- 
portant in its consequences, is the electric telegraph. No force of 
habit, however long continued, no degree of familiarity can efface 
the sense of wonder which the effects of this most marvellous appli- 
cation of science excite. 
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Hhe electric telegraph, whatever form it may afisume, derives its 
efficiency from the three following conditions : — 

1. A power to develop the electric fluid continuously, and in the 
necessary quantity. 

2. A power to convey it to any required distance without being 
injuriously dissipated. 

3. A power to cause it, after arriving at such distant point, to 
make written or printed characters, or some sensible signs serving 
the purpose of such characters. 

The apparatus from which the moving power by which these effects 
are produced is ddrived, is the voltaic pile or galvanic battery. This 
is to the electric telegraph what a boiler is to a steam engine. It is 
the generator of the fluid by which the action of the machine is pro- 
duced and maintained. 

We have therefore first to ej^lain how the electric fluid, gene- 
jrated in the apparatus just explained, can be transmitted to a dis- 
tance without being wasted or dissipated in any injurious degree 
en route. 

If tubes ot pipes could be constructed with sufficient facility and 
cheapness, through which the subtle fluid could flow, and which would 
be capable of confining it during its transit, this object would be at- 
tainea. As the galvanic battery is analogous to the boiler, such tubes 
would be analogous in their form and functions to the steam-pipe of 
a steam-engine. 

2128. Conducting wires. — ^If a wire, coated with a non-conducting 
substance capable of resisting • the vicissitudes of weather, were 
extended between any two distant points, one end of it being at- 
tached to one of the extremities of a galvanic battery, a stream of 
electricity would pass along the wire — provided the other end of the 
wire were connected hy a conductor with the other extremity of the 
battery. * 

To fulfil this last condition, it was usual, when the electric tele- 
graphs were first erected, to have a second wire extended from the 
distant point back to the battery in which the electricity was gene- 
zated. But it was afterwards discovered that the earth itself was 
the best, and by far the cheapest and most convenient, conductor 
which could be used for this returning stream of electricity. Instead, 
therefore, of a second wire, the extremity of the first*, at the distant 
point to which the current is sent, is attached to a large metallic 
plate, measuring five or six square feet, which fs buried in the 
earth. A similar plate, connected with the other extremity of the 
battery, at the station fronGi^which the current is transmitted, is likC' 
wise buried in the earth, and it is found that the returning current 
finds its way back through the earth from the one buried plate to the 
other buried plate. 

The manner in which the wires are carried from station to siation 
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is well known. Every one is familiar with the lines of wire ex- 
tended along the side of the railways. These wires are generally 
galvanized so as to resist oxidation, and are of sufficient thickness to 
bear the tension to which they are submitted. They are suspended 
on posts, erected at intervals of sixty yards, being at the rate of thirty 
to a mile. 

To each of these poles are attached as many tubes or rollers of 
porcelain or glass as there are wires to be supported. Each wire '. 
passes through a tube, or is supported on a roller ; and the material 
of the tubes or rollers being among the most perfect of the class of 
non-conducting substances, the escape of the electricity at the points 
of contact is impeded. 

In some cases, as, for example, in the streets of London, it is found 
inconvenient to carry the wires on elevated posts. In such cases they 
are wrapped with cotton thread, coated with a mixture of tar, resin, 
and grease, which produces a good non-conductor, or are surrounded 
with gutta percha, which is better still, are packed together in a leaden 
or other metallic pipe, and are then buried in the ground. 

2129. Telegraphic signs, — The current being by these means 
transmitted instantaneously from any station to another, connected 
with it by such conducting wires, it is necessary to select among the 
many effects which it is capable of producing, such as may be fitted 
for telegraphic signs. 

There are a great variety of properties of the current which supply 
means of accomplishing this. If it can be made to affect any object 
in such a manner as to cause such object to produce any effect sen- 
sible to the eye, the ear, or the touch, such effect may be used as a 
sign ; and if it be capable of being varied^ each distinct variety of 
which it is suceptible may be adopted as a distinct sign. Such signs 
may then be taken as signifjdng the letters of the alphabet, the digits 
composing numbers, or such single words as are of most frequent 
occurrence. 

The rapidity and precision of the communication will depend on 
the rate at which such signs can be produced in succession, and on 
the certainty and accuracy with which their appearance at the place 
of destination will follow the action of the producing cause at the 
station from which the despatch is transmitted. 

These preliminaries being understood, it remains to show what 
effects of the electric current are available for this purpose. 

These effects are : — 

I. The power of the electric current to deflect a magnetic needle 
from its position of rest. 

II. The power of the current to impart temporary megnetism to 
soft iron. 

III. The power of the current to decompose certain chemical 
solutions. 
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2130. Signs made with the needle system. — Let us now see how 
these three properties have been made instrumental to the transmis- 
sion of intelligence to a distance. 

We have explained how a magnetic needle over which an electric 
current passes will be deflected to the right or to the left, according 
to the direction given to the current. Now, it is always easy to give 
the current the one direction or the other, or to suspend it altogether, 
by merely changing the end of the galvanic trough with which the 
wires are connected, or by breaking the contact. 

A person, therefore, in London, having command over the end of 
a wire which extends to Edinburgh, and is there connected with a 
magnetic needle, in the manner already described, can deflect that 
needle to the right or to the left at will. 

Thus a single wire and a magnetic needle arc capable of making 
at least two signals. 

By repeating the same signals a greater or less number of times, 
and' by variously combining them, signs may be multiplied; but it 
is found more convenient to provide two or more wires affecting dif- 
ferent needles, so as to vary the signs by combination, without the 
delay attending repetition. 

Such is, in general, the nature of the signals adopted in the electric 
telegraphs in ordinary use in England, and in some other parts of 
Europe. 

It may aid the conception of the mode of operation and communi- 
cation if we assimilate the apparatus to the dial of a clock with its 
two hands. Let us suppose that a dial, instead of carrying hands, 
carried two needles, and that their north poles, when quiescent, both 
pointed to twelve o'clock. When the galvanic current is conducted 
under either of them, the north pole will turn either to three o'clock 
or to nine o'clock, according to the direction given to the current. 

Now, it is easy to imagine a person in London governing the hands 
of such a clock erected in Edinburgh, where their indications might 
be interpreted according to a way previously agreed upon. Thus, v^q 
may suppose that when the needle No. 1. turns to nine, the letter A 
is expressed ; if it turn to three, the letter B is expressed. If the 
needle No. 2. turn to nine o'clock, the letter o is expressed ; if it 
turn to three, the letter D. If both needles are turned to nine, the 
letter E is expressed ; if both to three, the letter f. If No. 1. be 
turned to nine, and No. 2. to three, the letter G is expressed ; if No. 
2. be turned to nine, and No. 1. to three, the letter H, and so forth. 

2131. Telegraphs operating hy an electro-magnet. — Telegraphs 
depending on the second and third principles adverted to above, have 
been brought into extensive use in America, the needle system being 
in no case adopted there. 

The power of imparting temporary magnetism to soft iron by the 
electric current has been applied in the construction of telegraphs ib 
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a great yaricty of forms ; and indeed it may be stated generally &at 
there is^no form of telegraph whatever in which the application of 
this property can be altogether dispensed with. 

To explain the manner in which it is applied, let us suppose the 
conducting wire at the station of transmission, London for example^ 
to be so arranged that its connexion with the voltaic battery may, 
with facility and promptitude, be established and broken at the will 
of the agent who transmits the despatch. This may be effected by 
means of a small lever acting like the key of a pianoforte, which 
being depressed by the finger, transmits the current. The current 
may thus be transmitted and suspended in as rapid alternation as the 
succession of notes produced by the action of the same key of a 
pianoforte. 

At the station to which the despatch is transmitted, Edinburgh 
for example, the conducting wire is coiled spirally round a piece of 
soft iron, which has no magnetic attraction so long as the current 
does not pass along the wire, but which acquires a powerful mag- 
netic virtue so long as the current passes. So instantaneously does 
the current act upon the iron, that it may be made alternately to ac- 
quire and lose the magnetic property several times in a second. 

Now let us suppose this soft iron to be placed under an iron lever, 
like the key of a pianoforte, so that when the former has acquired 
the magnetic property, it shall draw this key down as if it were de- 
pressed by the finger, and when deprived of the magnetic property, 
it will cease to attract it, and allow it to recover its position of rest. 
It is evident in this case that movements would be impressed by the 
soft iron, rendered magnetic, on the key at Edinburgh simultaneous 
and exactly identical with the movements impressed by the finger of 
the agent upon the key in London. In fact, if the key in Edin^ 
burgh were the real key of a pianoforte, the agent in Londnij could 
strike the note and repeat it as often and with such interval:) as he 
might desire. 

This lever at Edinburgh, which is worked by the agent in London, 
naay,by a variety of expedients, be made to act upon other moveable 
mechanism, so as to make visible signals, or to produce sounds, to 
ring a bell or strike a hammer, or to trace characters on paper by 
means of a pen or pencil, so as actually to write the message, or to 
act upon common moveable type* so as to print it. In fine, having 
once the power to produce a certain mechanical effect at a distant 
station, the expedients are infinitely various, by which such mechan- 
ical effect may be made subservient to telegraphic purposes. 

2132. Morse's system. — The telegraph of Morse, extensively used 
in the United States, affords an example of this. To comprehend 
its mode of operation, let us suppose the lever on which the tempo- 
rary magnet acts to govern the motion of a pencil or style under 
which a ribbon of paper is moved with a regulated motion by means 
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of clockwork. When the current passes^ the style is pressed upon 
the papcr^ and when the current is suspended^ it is raised from it. 
If the current be maintained for an interval more or less continued, 
the style will trace a line on the ribbon, the length of which will be 
greater or less according to the duration of the current. If the cur- 
rent be maintained only for an instant, the style will merely make a 
dot upon the ribbon. Lines, therefore, of varying lengths, and dots 
separated by blank spaces, will be traced upon the ribbon of paper 
as it passes under the style, and the relative lengths of these lines, 
their combinations with each other and with the dots, and the lengths 
of the blank intervening spaces, are altogether under the control of 
the agent who transmits the despatch. 

It is easy to imagine how a conventional alphabet may be formed 
by such combinations of lines and dots. 

Provisions are made, so that the motion of the paper does not be- 
gin until the message is about to be commenced, and ceases when 
the message is written. This is easily accomplished. The cylinders 
which conduct the band of paper are moved by wheel>work and a 
weight properly regulated. The motion is imparted by a detent 
detached by the action of the magnet, which stops the motion when 
the magnet loses its virtue. 

2133. Electro-chemical telegraphs. — The following description of 
the telegraph of Mr. Bain will convey some idea of the general 
principle on which all forms of electro-chemical telegraphs are 
based : — 

Let a sheet of writing-paper be wetted with a solution of prussiate of 
potash, to which a little nitric and hydrochloric acid have been added. Let 
ft metallic desk be provided corresponding in magnitude with the sheet of 
paper, and let this desk be put in communication with a galvanic battery so 
fts to form its negative pole. Let a piece of steel or copper wire forming a 
pen be put in connection with tfie same battery so as to form its positive 
pole. Let the sheet of moistened paper be now laid upon the metallic 
desk, and let the steel or copper point which forms the positive pole of the 
battery be brought into contact with it. The galvanic circuit being thus 
completed, the current will be established, the solution with which the 
paper is wetted will be decomposed at the point of contact, and a blue or 
brown spot will appear. If the pen be now moved upon the paper, the 
continuous succession of spots will form a blue or brown line, and the pen 
being moved in any manner upon the paper, characters may be thus written 
upon it as it were in blue or brown ink. 

In this manner, any kind of writing may be inscribed upon the paper,- and 
there is no other limit to the celerity with which the characters may be 
written, save the dexterity of the agent who moves the pen, and the suffi- 
ciency of the current to produce the decomposition of the solution in the 
time which the pen takes to move over a given space of the paper. 

The electro-chemical pen, the prepared paper, and the metallic desk 
being understood, we shall now proceed to explain the manner in which a 
communication is written at the station where it arrives. 

The metallic desk is a circular disk, about twenty inches in diameter. It 
is fixed on a central axis, with which it is capable of revolving in its own 

n. 37 
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plane. An uniform moyement of rotation is imparted to it by means of a 
small roller, gently pressed against its under surface, and having sufficient 
adhesion with it to cause the movement of the disk by the revolution of the 
roller. This roller is itself kept in uniform revolution by means of a train 
of wheel-work, deriving its motion either from a weight or main spring, and 
regulated by a governor or fly. The rate at which the disk revolves may 
be varied at the discretion of the superintendent, by shifting the position of 
the roller towards the centre ; the nearer to the centre the roller is placed, 
the more rapid will be the motion of rotation. The moistened paper being 
placed on tMs disk, we have a circular sheet kept in uniform revolution. 

The electro-chemical pen, already described, is placed on this paper at a 
certain distance from its centre. This pen is supported by a pen-holder, 
which is attached to a fine screw extending from the centre to the circum- 
ference of the desk in the direction of one of its radii. 

On this screw is fixed a small roller, which presses on the surface of the 
desk, and has sufficient adhesion with it to receive from it a motion of revo- 
lution. This roller causes the screw to move with a slow motion in # 
direction from the centre to the circunjference, carrying with it the electiv- 
chemical pen. We have thus two motions, the circular motion carrying the 
moistened paper which passes under the pen, and the slow rectilinear mo- 
tion of the pen itself directed from the centre to the circumference. By 
the combination of these two motions, it is evident that the pen will trace 
upon the paper a spiral curve, commencing at a certain distance from the 
centre, and gradually extending towards the circumference. The intervals 
between the successive coils of this spiral line will be determined by the 
relative velocities of the circular disk, and of the electro-chemical pen. 
The relation between these velocities may likewise be so regulated, that the 
coils of the spiral may be as close together as is consistent vnth the dis- 
tinctness of the traces left upon the paper. 

Now, let us suppose that the galvanic circuit is completed in the manner 
customary with the electric telegraph, that is to say, the wire which termi- 
nates at the point of the electro-chemical pen is carried from the station of 
arrival to the station of departure, where it is connected with the galvanic 
battery, and the returning current is formed in the usual way by the earth 
itself. When the communication between the wire and the galvanic battery 
at the station of departure is established, the current will pass through the 
wire, will be transmitted from the point of the electro-chemical pen to the 
moistened paper, and will, as already described, make a blue or brown line 
on this paper. If the current were continuous and uninterrupted, this line 
would be an unbroken spiral, such as has been already described ; but if 
the current be interrupted at intervals, during each such interval, the pen 
will cease to decompose the solution, and no mark will be made on the 
paper. If such interruption be frequent, the spiral, instead of being a 
continuous line, will be a broken one, consisting of lines interrupted by 
blank spaces. If the current be allowed to act only for an instant of time, 
there will be a blue or brown dot upon the paper ; but if it be allowed to 
continue during a long interval, there will be a line. 

Now, if the intervals of the transmission and suspension of the current 
be regulated by any agency in operation at the station of departure, lines 
and dots corresponding precisely to thcseintervals, will be produced by the 
electro-chemical pen on the paper, and will be continued regularly along 
the spiral line already described. It will be evident, without further expla- 
nation, that characters may thus be produced on the prepared paper cor- 
responding to those of the telegraphic alphabet already described, and 
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thus the language of the communication will be written in these conyentional 
symbols. 

' There is no 'other limit to the celerity with which a message may be thus 
written, save the sufficiency of the current to effect the decomposition while 
the pen passes over the paper, and the power of the agency used at the 
station of departure to produce, in rapid succession, the proper intervals in 
the transmission and suspension of the current. 

But the prominent feature of this system is the extraordinary -celerity 
of which it is susceptible. In an experiment performed by M. Le Verrier 
and Dr. Lardner before Committees of the Institute and the Legislative 
Assembly at Paris, despatches were sent a thousand miles, at the rate of 
nearly 20,000 words an hour.* 



CHAP. XV. 

CALORIFIC; LUMINOUS, AND . PHYSIOLOGICAL EFFECTS OF THE 

VOLTAIC CURRENT. 

2134. Conditions on which cahrijic power of current depends, — 
When a voltaic current passes over a conductor, an elevation of tem- 
perature is produced, the amount of which will depend on the 
quantity and intensity of the electricity transmitted, upon the con- 
ductibility of the material composing the conductor, and upon the 
magnitude of the space which it offers for the passage of the electric 
fluid. Although the conditions which determine this development 
of heat are not ascertained with much certainty or precision, it may 
be stated generally that the quantity of heat produced is augmented 
with the quantity of the fluid transmitted, and the obstacles opposed 
to its passage. A given current, therefore, will develop less heat on 
good than on bad conductors, and on those having a large than on 
those having a small transverse section. 

The development of heat, so far as it depends on the current itself, 
appears to increase in a much larger ratio with the quantity, than 
with the intensity, of the electric fluid. Thus, while it is greatly 
augmented bj increasing the extent of surface of the elements of the 
pile, it is very little afi'ected by augmenting their number. For a 
like* reason it is greatly augmented by selecting the elements from 
the extremes of the electromotive series (1847), since in that case 
the quantities of electricity developed are increased in proportion to 
the electromotive energy of the exciting surfaces. 

When a voltaic current of a certain intensity passes along a me- 
tallic wire, the wire becomes heated. If the intensity of the current 

* Lardner on the Great Exhibition, p. 89, et seq. 
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be marettBod, the wire will become incandesceDt, and will, by a fnrtlier 
iDcreBse of the force of the current, be fused, or burned. 

The same current which will jffoduee only a slight elevation of 
temperature upon « wire of a certain diameter, will render a finer 
wire incandeacent, and will fuse or burn one which is stjil finer. 

2135. Cahrijio effects: Mare's and Children's deflagrators. — 
The calorific powerof a battery depending chiefly on the extent of 
the heating surface, and the electromotive energy of its elements, 
those forma which, within a given volume, present the most exten- 
sive surfaces, such as Hare's spiral arrangement (1861), and others, 
on a like principle, contrived by Children and Strating, and denomi- 
nated defiagraioTs, and the systems of Grove (1865) and Bunsen 
(1866), in which platinum or carbon is combined with zinc, and 
excited fay two fluids, are the most efficient. With piles of the latter 
kind, consisting of ten to twenty pairs, the development of heat is so 
considerable that sabstances which resist the most powerful blast 
funiaoes are easily fused and burned. Extraordinary effects are pro-' 
duced by this calorific agency. Metallic wire, submerged in water, 
is rendered incandescent, and may be fused either in vacuo or in an 
atmosphere of any gas, such as azote or carbonic acid, which is not a 
supporter of eombusldon, 

2136. WoUaston't ihimble hattfr^. — A combination tfans deeig- 
_ nated, which has acquired a sort of histimcal 

* ^ scientific interest, is represented in its actual 

A strip of thin silver or platinum leaf P, is 
bent double, so as to include 'between its folds 
a plate z of amalgamated lino, the distance 
between the sur&ces being about the twentieth 
of an inch. The surfaces are kept separated 
by small bits of cork thrust between them. . 
Two short copper wires, one z, attached to the 
ztnc, and the other,ji, to the platinum, fbrm the 
poles of the combination, and when theee are 
connected by a wire a voltaic current will pass 
from P to z. Each of these polar wires has a 
fine slit made in it, into which an extremely fine platinam wire is 
inserted, extending between z aaip, the intervening length between 
these points being not more than the tenth of an inch. The wire 
handle h is provided, to enable the operator to immerse the apparatus 
in a wine-glass, containing a solution composed of three parts of 
water and one of sulphtiric acid. The current which will then be 
established upon the wire between p and z will render it incandescent. 

2137. Experimental illustration of the conditions which effect 
eatorijie power of a current. — If the poles of a powerful battery be 
connected by iron or platinum wire from two to three feet in length, 




Fig 804. 



EFFECTS OF THE VOLTAIC CURRENT. 4^7 

the metal will become incandescent. If its length or thickness be 
diminished it will fuse or burn. If its length or thickness be in- 
creased it will acquire first a darker degree of incandescence, and then 
will be only heated without being rendered luminous. The same 
current which will render iron or platinum wire incandescent or fuse 
it, will only raise the temperature of silver or copper wire of the 
same length and thickness without rendering it incandescent. If, 
on the other hand, the iron or platinum be replaced by tin or lead of 
much greater length or thickness, these metals will be readily fused 
by the same current. 

These phenomena are explained by the different conductibility 
of these different metals, silver and copper being among the best, 
and lead and tin being among the worst metallic conductors of 
electricity. 

If two pointed pencils of thick platinum wire, being connected 
with the poles of the battery, be presented point to point, so that the 
current may pass between them, they will be fused at the points and 
united, as though they were soldered together. This effect will 
equally be produced under water. 

2138. Substances ignited and exploded b^ the current. — Com- 
bustible or explosive substances, whether solid or liquid, may be 
ignited by the heat developed in transmitting a current through 
them. Ether, alcohol, phosphorus, and gunpowder prea.ent exam- 
ples of this. 

2139. Application of this in civil and military engineering, — 
This property has been applied with great advantage in engineering 
operations, for the purpose of springing mines, an operation which 
may thus be effected with equal facility under water. Experiments 
made by the Russian military engineers at St. Petersburg, and by 
the English at Chatham, have demonstrated the advantage of this 
agency in military operations, more especially in the springing of 
subaqueous mines. 

In the course of the construction of the South-Eastern Railway it 
was required to detach enormous masses of the cliff near Dover, 
which, by the direct application of human labour, could not have 
been accomplished, save at an impracticable cost. Nine tons of gun- 
powder, deposited in three charges, at from fifty to seventy feet from 
the face of the cliff, were fired by a conducting wire, connected with 
a powerful battery, placed at 1000 feet from the mine. The explo- 
sion detached 600,000 tons weight of chalk from the cliff. It was 
proved that this might have been equally effected at the distapce 
of 3000 feet. 

2140. Ja^cdbi's experiments on conduction h/ water. — Jacobi 
instituted a series of experiments with a view to ascertain how far 
water might be substituted for a metallic conductor for telegraphic 
purposes. He fijrst established (as Peschel states) a conduction of 

37* 



438 VOLTAIC ELECTRICITY. 

this nature between Oranienbaum and an arm of the Qulph of Fin- 
land, a distance of 5600 feet, one half through water, and the other 
through an insulated copper wire, three-fourths of a line in diameter, 
which was carried over a dam, so that the entire length of the con- 
nexion was 11,200 feet. The electric current was excited by a 
Grove's battery of twenty-four pairs, and a common voltaic pile of 
150 six-inch plates. A zinc plate of five square feet was sunk in 
the sea from one pole of the battery, and at the opposite end of the 
connecting wire a similar plate was sunk in a canal joining the sea. 
Charcoal points were used for completing the circuit of the Grove's 
battery ; these, and also a fine platinum wire, were made red-hot, and 
these phenomena appeared to be more intense than when copper wires 
were used as conductors. In a later experiment he employed a 
similar conduction, the distance in this case being 9030 feet, namely, 
from the winter palace of the emperor to the Fontanka, near the 
Obuchowski bridge. One of the conductors was a copper wire car- 
ried under ground, the other was the Neva itself, in which a zino 
plate five square feet was sunk beneath the surface of the river. At 
the other extremity a similar zinc plate was immersed in a small 
pond, whose level was five or six feet above the Fontanka, from 
whidi it was separated by a flood-gate. The battery consisted of 
twenty-five small Daniel's constant batteries, by means of which, 
notwithstanding the great extent of water, all the galvanic and 
magnetic phenomena were produced. At Lenz's suggestion, a 
different species of conduction was tried between the same stations. 
A connection was established with a point of the iron roof of the 
winter palace, which was connected with the ground by means of 
conducting rods, and the current was carried equally well along the 
moist earth. 

2141. Combustion of the metals. — ^If thin strips of metal or c(Hn- 
mon metallic leaf be placed- in connection with the poles of a battery, 
it will undergo combustion, the colour of the flame varying with the 
metal, and in all cases displaying very striking and brilliant effects. 
Gold thus burned gives a bluish-white light, and produces a dark 
brown oxide. Silver bums with a bright sea-green flame, and 
copper with a bluish-green flame, mingled with red sparks, and 
emits a green smoke. Zinc bums with a dazzling white light, tin 
with red sparks, and lead with a purple flame. These phenomena 
are produced with increased splendour, if the metal to be burned 
attached to one pole be brought into contact with mercury connected 
with the other pole. 

2142. Spark produced hy the voltaic current. — Bring nearly to- 
gether the amalgamated ends of the polar wires, while the battery is 
in a state of activity \ a small, white, starlike spark will be seen ac- 
pompanied by a crackling noise like that which attends the emission 
of a feeble electrical spark. 
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Plnngu the end of one of the wires ioto a small vessel of tnercury, 
and biing the other near the suriaoe of the melal. A similar spark 
is eraitted just before the point touches the mercnry, on trbich a 
small black speck may be seen vbere the spark struck it. 

The spark obtained Irom an amalgamated point is visible under 
water or in the flame of a eandle. 

Fasten a fine sewing needle to the end of one of the vires, and 
touch the other pole with the free end of the needle; a starlike red 
spark wilt be emitted. A continaed stream of theee sparks may be 
obtuned by ooonecting a small ronnd or triangnlar file with one pole, 
and presenting to it and removing from it with great rapidity the 
pwnt of a copper wire attached to the other pole. 

Ooat the ends of the connecting wires With soot, by holding them 
In the flame of an oil lamp, and the sparks will be both laiver and 
brighter; they will be obtained of the greatest intcnrity by holding 
the points of the wires in the flame opposite to each other. 

Nobili sajrs, that, in performing experiments of this kind he ob- 
tuned the brightest sparks by connecting the two cods of the battery 
with a long spiral copper wire, or with a wire insulated by being 
wound ronnd with silk. 

2143. The declric light. — Of all the luminons effects produced 
by the agency of electricity, by &r the most splendid ia the light 
prodoced by the passage of the cnrrent pro- 
ceeding from a powerfiil battOTy between two 
pencils of hard charcoal presented prant to 
point. The charcoal being an imperiect cod- 
dnctor is rendered incandescent by the cnr- 
rent, and being invisible at any temperature 
hitherto attained, the degree of splendour of 
which its incandescence is susceptible has no 
other practical limit except the power of the 
battery. 

The charaoal best adapted for this experi- 
. ment is that which ia obtained from the re- 
^« Ndunm of the coke in retorts of gaa-works. 
This ia hardened and formed into pencil- 
Fig, ses. shaped pointed cylinders, from two to four 
inches in length, and mounted as represented 
in Jiff. 665., where p and r, the two metallic pencil-holders, are in 
metallic connection with the poles of the pile, and so mounted that 
the charcoal pencils fixed in them can at pleasure be made to ap- 
proach each other until their points come Into contact, or to recede 
from each other to any necessary distance. When they are brought 
into contact, the current will pass between them, and the charcoal 
will become intensely luminous. When separated to a short dis- 
tance, a splendid flame will 'pass between them of the fwm rapre- 
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Fig. 666. 




Fig. 667. 



sented in fig. 666. It will be observed that the form 
of the flame is not symmetrical with relation to the 
two poles, the part next the positive point having the 
greatest diameter, and the diameter becoming grada- 
ally less in approaching the negative point. 

2144. Action of a magnet on the electric flame. — 
If the pole of a bar magnet be presented to this flame 
it will immediately affect it as it would affect a move- 
able current, and will, even at a considerable distance, 

throw it into the curved form represented in^. 667., the curvature 
being turned to the one side or the other according as 
the austral or boreal, pole is presented to the fliune. 
The action of the magnet may, in such cases, be so 
intense as to extinguish the flame altogether, just 
as a blast of air would extinguish the flame of a 
candle. 

This fact renders it probable, if not certain, that the 
earth's magnetism exerts a similar influence on a 
larger scale upon the electrical phenomena of the 
atmosphere, especially on those which are manifested 

in its more elevated regions, and which, because of the more rarefied 

state of the air, have more diffusion. 

2145. Incandescence of charcoal hy tlie current not combusticn. — 
It would be a great error to ascribe the light produced in charcoal 
pencils to the combustion of that substance. None of the conse- 
quences or effects of combustion attend the phenomena, no carbonic 
acid is produced, nor does the charcoal undergo any diminution of 
weight save a small amount due to mere mechanical causes. On 
the contrary, at the points where the calorific action is most intense, 
it becomes more hard and dense. But what negatives still more 
clearly the supposition of combustion is, that the incandescence is 
still more intense in a vacuum, or in any of the gases that do not 
support combustion, than in the ordinary atmosphere. 

Peschel states that, instead of two charcoal pencils, he has laid a 
piece of charcoal, or well-burnt coke, upon the surface of mercury, 
connecte'd with one pole of the battery, while he has touched it with 
a piece of platinum connected with the other pole. In this manner 
he obtained a light whose splendour was intolerable to the eye. 

2146. Electric lamps of Messrs. Foucaulty Deleuily and Duhosc- 
Soleil. — M. Foucault first applied the electric light produced by 
charcoal pencils as a substitute for the lime light in the gas micro- 
scope. Further improvements in these arrangements have been 
made more recently by M. Deleuil and M. Dubosc-Soleil, the emi- 
nent philosophical instrument makers of Paris. The effect of these 
Improvements is to supply a self-acting adjustment by which the 
current passing between the charcoal pencils, and consequently the 
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Bplendour of the light, is rendered uniform, or nearly so. This is 
accomplished by the agency of electro-magnets, which are so affected 
by the current, that they act upon a mechanism which regulates the 
distance of the charcoal points so as to maintain the uniformity of 
current. 

2147. Method of applying the heat of charcoal to thefuMon of re- 
fractory bodies and the decomposition of the alkalies, — This is 
accomplished by substituting for the charcoal pencil, py fig. 665., a 
piece of charcoal in the form of ii small cup, as represented in 

fig, 668. 

A small piece of the substance to be acted on is 
placed in the charcoal cup s, and the electric flame is 
made to play upon it by bringing it into proximity 
a with the pencil above it. In this way gold or platinum 
^ may be fused, or even burned. If a small piece of 
soda or potash be placed in the cup s, its decomposition 
will be effected by the flame, and small globules of 
Fig. 668. sodium or potassium will be produced in the cup, 
which will launch themselves towards the point of the 
pencil, undergoing at the same time combustion, and thus reproduc- 
ing the alkali. 

2148. Physiological effects of the current, — This class of effects 
is found to consist of three successive phases : first, when the current 
first commences to pass through the members affected by it; secondly ^ 
daring its continuance ; and, thirdly y at the moment of its cessation. 
A sharp convulsive shock attends the first and last; and the inters 
mediate, period is marked by a continued series of lesser shocks 
TapidljT succeeding each other. The shock of a voltaic battery has 
been said to be distinguished from that produced by a Leyden jar, 
inasmuch as the latter is felt less deeply, affecting only our external 
organs, and being only instantaneous in its duration ; while the latter 
pervades the system, propagating itself through the whole course of 
the nerves which extend between its points of admission and de-^ 
parture. 

It appears that the physiological effect of the current depends 
altogether on its intensity, and little or not at all upon its quantity. 
This is proved by the fact, that the effect of a battery of small plates 
is as great as one consisting of the same number of large plates. A 
single pair, however extensive be its surface, produces no sensible 
shock. To produce any sensible effect, from ten to fifteen pairs are 
necessary. A battery of 50 to 100 pairs gives a pretty strong con- 
vulsive shock. If the hands, previously wetted with salted water, 
grasp two handles, like those represented at p and N, fi>g. 624., con- 
nected with such a battery, violent shuddering of the fingers, arms, 
and chest will be produced ; and if there be any sore or tender parts 
of the skin, a pricking or burning sensation will be produced there. 
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The voltaic shock may be transmitted through a chain of persons 
in the same manner as the electric shock, if their hands which are 
joined be well moistened with salted or acidulated water, to increase 
the conducting power of the skin. 

As the strongest phases of the shock are the moments of the com- 
mencement and cessation of the current, any expedient which pro- 
duces a rapid intermission of the current will augment its physiolo- 
gical effect. This may be accomplished by various simple mechanical 
expedients, by. which the contact of the conductors connecting the 
poles may be made and broken in rapid succession ; but no means 
are so simple and effectual for the attainment of this object, as the 
contrivances for the production of the magneto-electric current de- 
scribed in (1981), which, in fact, is exactly the rapidly intermitting 
current here required. 

2149. Medical application of the voltaic shock, — The ifiQuence 
of the galvanic shock on the nervous system in certain classes of 
malady has been tried with more or less success, and apparatus have 
been contrived for its convenient application, both generally and 
locally, to the system. The most convenient form of apparatus for 
this purpose is the magneto-electric machine, represented in^. 624. 
This has been recently improved by certain medical practitioners in 
Paris, where it is extensively used. Expedients are applied to it by 
which the operator can measure and regulate the force of the shock 
with the greatest certainty and precision. This is accomplished by 
surrounding the arms of the electro-magnet with loose cylinders or 
gloves of thin copper, which may be moved so as to uncoil the arms 
to a greater or less extent, and thus increase or diminish the force 
of the induced current. 

2150. Effect on bodies recently deprived of life, — This class of 
phenomena is well known, and, indeed, was the origin of the dis- 
covery of galvanism. Ghilvani's original experiment on the limbs 
of a frog, already noticed (1842), has often been repeated. Bailey 
substituted for the legs of the frog those of the grasshopper, and 
obtained the same results. 

Experiments made on the bodies of men and inferior animals 
recently deprived of life have afforded remarkable results. Aldini 
gave violent action in this way to the various members of a dead 
body. The legs and feet were moved rapidly, the eyes opened and 
closed, and the mouth, cheeks, and all the features of the face were 
agitated by distortions. Dr. Ure connected one of the poles of a 
battery with the supraorbital nerve of a man cut down after hanging 
for an hour, and connected the other pole with the nerves of the 
heel. On completing the circuit the muscles are described to have 
been moved with a fearful activity, so that rage, anguish, and despair, 
with horrid smiles, were successively expressed by the countenance. 
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This agency has been used occasionally with success as an expe- 
dient for restoring suspended animation. 

The bodies and members of inTerior animals recently killed are 
susceptible of the same influence, though in a less degree. The 
current sent through the claw of a lobster recently torn from the 
body, will cause its instant contraction. 

Effect of the shock upon a leech. — If a half-crown piece be laid 
upon a sheet of amalgamated zinc, a leech placed upon the coin will 
betray no sense of a shock, until, by moving, some part of it comes 
into contact with the zinc. The connection being thus established, 
the leech will receive a shock, as will be rendered manifest by the 
sudden recoil of the part which first touches the zinc. 

2151. Excitation of the ner'ves of taste. — JI a metallic plate, con- 
nected with one pole of the battery, be applied to the end of the 
tongue, and another wetted with salted water, and connected with 
the other pole, be applied to any part of the face, the metal on the 
tongue will excite a peculiar taste, acid or alkaline, according as it 
is connected with the positive or negative pole. This is explained 
by the decomposition of the saliva by the current. 

2152. Excitation of the nei'ves of sight. — If a metallic plate, 
wetted with salted or acidulated water, be applied at or near the eye- 
lids, and another be applied at any other part of the person, a pecu- 
liar flash or luminous appearance will be perceived the moment the 
plates are put into connection with the poles of a battery. The' sen- 
sation will be reproduced, but with less intensity, the moment the 
connexion is broken. A like eflect, but less intense, is produced, 
when the current is transmitted through the cheek and gums. 

2153. Excitation of the nerves of hearing. — If the wires con- 
liected with the poles of a battery be placed in contact with the inte- 
rior of the two ears, a slight shock will be felt in the head at the 
moment when the connection is made or broken, and a roaring sound 
will be heard so long as the connection is maintained. 

2154. Supposed sources of electricity in the animal organiza- 
tion. — ^Although Galvani's theory of animal electricity did not survive 
its author, the supposition that there exists in the organization of 
animals a source of electrical action has never been abandoned. 
Humboldt and PfaflF discovered traces of electrical development in 
connecting the nerve and muscle of a frog. Rheoscopic tests have 
indicated the presence of a current, when two remote portions of a 
nerve, or of the n^uscle belonging to it, are brought into connection. 
Dr. Donne of Paris thinks that there is a source of electrical excite- 
ment between the inner and outer skins. He placed the inner and 
outer skins of the mouth in connection by a platinum wire, upon 
which the presenoe|Of ^ifecble current was detected by a rheoscope. 
Dr. Wilson Philipi^shotref that in certain cases a voltaic current 
might perform the functions of the nerves.. Having destroyed the 
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action of some of tlie nerves leading to the stomach of a dog, he 
restored their suspended action by connecting the severed ends with 
a voltaic current. 

21bb, , Ulectrical Jlshes. — The most conspicuous example of the 
development of electricity in the animal organization is presented by 
certain species of fish. Of these electrical fishes there are seven 
genera : — 

1. Torpedo narke risso. 5. Silurus electricus. 

2. '* unhnaculata. 6. Tetraodon electricus. 
8. '< marmorata. 7. Gjmnotus electricus. 
4. <* galyanii. 

No observations sufficiently exact and extensive have yet supplied 
the data necessary to determine the source of the vast quantities of 
electricity which these creatures are capable of developing at will. 
There is nothing in the phenomena observed which countenances the 
supposition that the electricity is the result either of mechanical, 
thermal, or chemical causes analogous to those which have been 
already explained. When it is therefore stated to arise from a phy- 
siological action peculiar to the organization of the animal, a name is 
merely given to an unknown agency. In the absence, therefore, of 
any reasonable theory, we are compelled to limit ourselves to a mere 
statement of the phenomena. 

2156. Properties of the torpedo : Observations of Walsh. — 
According to the observations of Walsh, who first submitted this 
animal to exact inquiry, the following are its effects : — 

If the finger or the palm of the hand be applied to any part of the 
body of the animal out of the water, a shock will be felt similar to 
that produced by a voltaic pile. 

If, instead of applying the hand directly, a good conductor, tsatk 
as a rod of metal several feet in length, be interposed, the shock wiU 
still be felt. 

If non-conductors be interposed, the shock is not felt. 

If the continuity of the interposed conductor be anywhere broken, 
the shock is not felt. 

The shock may be transmitted along a chain of several persons 
with joined hands, but in this case the force of the shock is rapidly 
diminished as the number of persons is increased. In this case the 
first person of the chain should touch the torpedo on the belly, and 
the last on the back. 

When the animal is in the water, th6 shocks are less intense than 
in the air. 

It is evident that the development of electricity is produced by a 
voluntary action of the animal. It often happens that in touching it 
no shock is felt. But when the observer irritates the animal, shocks 
of increasing intensity are produced in very rapid succession. Walsh 



BPPBCTS OF THE VOLTAIC CURRENT. 445 

coanted as many as fifty electrical discharges produced in this way in 
a minute. 

2157. Observations of Becquerel and Breschet. — In a series of 
observations and experiments made on the torpedos of Chioggia near 
Venice by MM. Becquerel and Breschet, it was ascertained that 
when the back and belly were connected by the wires of a sensitive 
rheoscope, a current was indicated as passing from the back to the 
belly. They also found that the animal could at will transmit the 
current between any two points of its body. 

2158. Observations of Matteucci. — In a series of experiments 
made on the torpedos of the Adriatic^ M. Matteucei confirmed the 
results obtained by MM. Becquerel and Breschet, and also succeeded 
in obtaining the spark from the current passing between the back 
and belly. 

2159. The electric organ. — ^In the several species of fish endowed 
with this quality^ the structure of the organ in which the electric 
fluids are developed is alike^ differing only in its form, magnitude^ 
and position. In the torpedo, which has been submitted to the most 
rigorous examination, it consists of two parts symmetrically arranged 
at each side of the head and resting against the gills. They fill all 
the thickness which separates the two coats of the skin. On dis- 
section it is proved to consist of an extremely open cellular tissue, 
having the form of a cylinder, or, more exactly, that of a five or six- 
sided prism. It has been compared to the cellular structure of the 
honeycomb, only that the partitions, instead of being thin membranes, 
are fibres separated and extended in different directions. 

Four or five hundred of these prisms are commonly counted in 
each organ. Hunter in one case found 1182. They are nearly at 
right angles to the surface of the skin, to which they are strongly 
attached at the ends. When the' structure of each of these prisms 
is examined, they are found to consist of a multitude of thin plates 
whose planes are perpendicular to thd axis of the prism, separated 
from each other by strata of mucous matter, and forming a combina- 
tion resembling the original galvanic pile. 

Four bundles of nerves of considerable volume are distributed in 
the organ, and; according to Matteucci, the seat of the electrical 
power is at their origin. 
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Absorption of heat, 199. 

Agonic lines, S07; American, S07; Asiatic, 
807. 

Air, rarefied, a conductor of electricity, S30. 

Alcohol, congelation of, 94. 

Alloys, liquefaction of, 88. 

Ampdre, method to reverse galvanic current, 
317; apparatus for supporting movable 
currents. 317; method of exhibiting revo- 
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331 ; electro-magnetic rectangle, 369. 

Animal heat, 143. 

Animals, wool and fur of, their uses, 120. 

Anion, 2S6, 

Annealing, use of, 98. 

Anode, 397. 

Appendix on Heat, 193. 

Arago*s electro-magnetic researches, 360. 

Armatures, 218. 

Armstrong's hydro-electrical machine, S40. 

Astatic needle, 220. 

Athermanous media, 131. 

Atmosphere, low temperature of, superior 
strata of, 71; non-conductor of electricity, 
230. 

Attraction, magnetic, 190 ; electric, 222, 266. 

Aurora borealis, influence of on magnetic 
needle, 213. 

Austral fluid, 192. 

Axis, magnetic, 191; of circulating galvanic 
current, 334. 

Azimuth compass, 202. 

Babbage*s electro-magnetic researches, 360. 

Bagration*s galvanic system, 302. 

Bain*8 electro-chemical telegraph. 433. 

Balance-wheels, compensation of, 51. 

Bar, magnetic, 198. 

Battery, electric, 258; nroltaic, 299, 440. 

Becquerel's galvanic system, 302; electro* 

chemical researches, 407. 
Bells, electric, 271. 
Birds, plumage of, its uses, 120. 
Blood, temperature of in human species, 143. 
Boiling-point. 33, 110. 
Boreal fluid, 192. 
Buildings, metallic, 48; warming, 57, 64, 

116; ventilation of, 57. 
Bulb, thermometric, 30; liable to permanent 

change of capacity, 37. 
Bunsen*s galvanic battery, 899. 

Calcium, 418. 
Caloric, 86. 



Calorimeter, 66. 

Calorimetry, 64 ; method of solving calorf. 

metric problems, 66. 
Cavendish's electric barometer, 881. 
Centigrade oeale, 34. 
Chemical eflTects of electricity, 886. 
Chemistry, electro-, 397. 
Children's great galvanic plate pile, 310. 
Circuit, voltaic, 315. See Eteetrieity. 
Clothing, its properties, 121. 
Cold, greatest natural, 94. 
Combustibles, 26, 139; illuminating power 

of, 140; constituents of, 140; quantity of 

heat developed by, 141. 
Combustion, 26, 138; agency of oxygen in, 

26; combustibles; iS, explained, 139; 

temperature necessary to produce, 140; 

illuminating power of combustibles, 140; 

constituents of combustibles, 140. 
Compass, azimuth, 202 ; mariner's, 202. 
Compensators, 48. 
Compression of vapour, 107. 
Coercive force, 193. 
Coin, why stamped, not cast, 90. 
Condensation, 26, 99; of vapour, 115. 
Condenser, electric, 244; principle of, 845; 

form of Cuthbertson's. 247. 
Conduction, heat, 27, 117; electricity, 228 ; 

magnetic, 117; electric, 228. 
Conductibility, 27. 
Conductors, heat, 27; good and bad, 117; 

electric 228, 262 ; connecting galvanic ele- 
ments, 309. 
Congelation, 26, 83; latent heat rendered 

sensible by, 81, points of, 88; of alcohol, 

94. 
Contraction, 25, 50; of solids, 47; of mercury 

in cooling, 90. 
Coulomb's electroscope, 250. 
Couronne des tasses, 307. 
Crosse's electro-chemical researches, 407. 
Cruikshank's galvanic arrangement, 307. 
Currents, atmospheric, cause of, 60 ; voltaic, 

313. See Eleetrteity ; — rectilinear, 316; 

indefinite, 316; closed, 316; circular r 

spiral, 316; circulating, 333; spiral and 

heliacal, 335; thermoelectric, 389. 
Cuthbertson's electric condenser, 247. 

Dance, electric. 272. 

Daniel's constant galvanic battery, 300, 311. 

Davy, galvanic pile, 310; experiments in 
electro-chemistry, 410; method of presenr 
ing copper sheathing, 480. See £foetrteity. 
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Bensation of heat, 149. 

Bee-saw (electric), 273. 

Silicium, 418. 

Simple voltaic combination, 388. 

8mee*8 galvanic battery, 301. 

Snow, perpetual, line of, 71; effect of on 

soil, 121. 
Sodium, 418. 
Solar lieht. 124. 

Solids, dilatation of, 43 ; contraction of, 47. 
Solidification, 26, 79; of gases, 108. 
Sonometer, application of electro-magnetic 

machine as, 353. 
Specific heat, 65; relation of to density, 70. 
Standard points (thermometer), 32. 
Steam, high pressure, expansion of, 71. 
Steel, tempering, 98. 
Stools, insulating, 229, 342. 
Stoves, 58; unpolished, advantage of, 136. 
Stratingh's galvanic deflagrator, 311. 
Structures, metallic, 48. 
Substances, magnetic, 193. 
Sulphur, fusion of, 88. 
Syringe, fire, 70. 

Temperature, 39, 51 ; methods of computing 
according to different scales, 34; of great- 
est density, 63 ; method of equalization of, 
68; in liquids and gases, 119; of globe of 
earth, 133; necessary to produce combus- 
tion, 139; of blood in human species, 143; 
of blood in animals, 145. See Heat. 

Terrestrial magnetism, 200; influence of on 
voltaic currents, 363. 

Thermal unit, 65. 

Thermo-electricity, 394. See Eleetricitjf, 

Thermometer, 37; mercurial, 39; tube, 30; 
bulb, 30; self-registering, 38; spirit of 
wine, 38 ; air, 38 ; differential, 39. 

Thermometry, 39, 65. 

Thermoscopic bodies, 37, 89; apparatus, 
131. 

Torpedo, electrical properties of, 444. 

Tree of Saturn, 420. 

Tube (ihermometric), 30. 



Unit (tbermometric), 33; thermal, 6S. 

Vaporization, 86, 09. 

Vapour, 99; apparatus for observing proper- 
ties of, 99; elastic, transparent, and invi- 
sible, 100 ; how pressure of indicated and 
measured, 101 ; relation between its pres- 
sure, temperature, and density, 103; me- 
chanical force of, 104; dilatable by heat, 
107; properties of super-heated, 107; can* 
not be reduced to liquid by mere compres- 
sion, 107; compression of, 107; latent heat 
of. 113. 

Variation, 304 ; diurnal, of needle, 313. 

Ventilation of buildings, 57. 

Voltaic battery, 303. See Eleetricily. 
Voltaic currents. 313, 370. 
Voltaic electricity, 388. See Electricity. 
Volta's first galvanic combination, 397; in- 
vention of the pile, 303. 
Voltaic piles, 303. 
Voltaic theory of magnetism, 384. 
Voltameter (Faraday's), 408. 

Warming buildings, 57, 64, 116. 

Water, solidification of, 79; liquid below 
32°, 83; pressure, temperature, and den* 
sity of the vapour of water, 103 ; vapour 
produced fW>m at all temperatures, 103; 
mechanical force of vapour of, 104 ; tern* 
perature, volume, and density of vapour 
of, corresponding to atmospheric pres- 
sures, 106; latent heat of vapour of, 114, 
115; a conductor of electricity, 330; com- 

W;>osition of, 398 ; electrolysis of, 398. 
eight, atomic, 73. 
Wheatstone*s galvanic system, 301. 
Wine-coolers, 132. ' 

Wires (electric), 317, 319. 
Wollaston's galvanic combination, 297, 307; 
thimble battery, 436. 

Zamboni*s galvanic pile, 313. 
Zero of thermometric scale, 33, 33. 
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CAMPBELL'S LORD OHANOELLORS. New Edition- (Now Ready.) 

LIVES OF THE LORD CHANCELLORS 

AND 

KEEPERS OF THE GREAT SEAL OF ENGLAND. 

FROM THE EARLIEST TIMES TO THE REIGN OF KING GEORGE IV, 

BY LORD CHIEF JUSTICE CAHPBELl, A. M., F. B. S. E. 

Second American, from the Third London Edition. 
Complete in seven handsome crown 8vo. volumes, extra cloth, or half morocco. 

This has been reprinted from the author's most recent edition, and embraces 
his extensive modifications and additions. It will therefore be found omioentlv 
worthy a continuance of the great favor with which it has hitherto been receivedf. 

Of the solid merit of the work oar jad^ment may be gathered from what has already 
been said. We will add, that from its infinite fund of anecdote, and happy variety of 
style, the book addresses itself with equal claims to the mere general reader, as to the 
legal or historical inquirer; and while we avoid the stereotyped commonplace of affirm- 
ing; that no library can be complete without it, we feel constrained to afiord it a higher 
tribute by pronouncing it entitled to a distinguished place on the shelves of every scholar 
who is fortunate enough to possess it — Frazer^t Magazine. 

A work wiiich will take its place in our libraries as one of the most brilliant and 
valuable contributions to the literature of the present day. — AikencBum. 

The brilliant success of this work in England is by no means greater than its merits. 
It is certainly the most brilliant contribution to English history made within our recollec- 
tion ; it has the charm and freedom of Biography combined with the elaborate and care- 
ful comprehensiveness of History. — N. Y. Tribune. 

BT- THB QAME AUTHOR— TO MATCH. 
LIVES^F THE 

CHIEF JUSTICES OF ENGLAND, 

From the Norman Conquest to the Death of Lord Slansfield. 

In two very neat vols., crown 8vo., extra cloth, or half morocco. 

To match the ''Lives of the Ohancellon'' of the fame antbor. 

In this work the author has displayed the same patient investigation of histo- 
rical facts, depth of research, and quick appreciation of character which hav« 
rendered his previous volumee so deservedly popular. Though the *< Lives of 
the Chancellors" embrace a long line of illustrious personages intimately con- 
nected with the history of England, they leave something still to be filled up to 
complete the picture, and it is this that the author has attempted in the present 
work. The vast amount of curious personal details concerning the eminent 
men whose biographies it contains, the lively sketches of interesting periods 
of history, and the graphic and vivid style of the author, render it a work of 
great attraction for the student of history and the general reader. 

Although the period of history embraced by these volumes had been previously tra- 
versed by the recent work of the noble and learned author, and a great portion of its 
most exciting incidents, especially those of a constitutional nature, there narrated, yet 
in ^^The Lives of the Chief Justices" there is a fund both of interesting information and 
valuable matter, which renders the book well worthy of i>erusal by every one who 
desires to obtain an acquaintance with the constitutional history of his country, or as- 
pires to the rank of either a statesman or a lawyer. Few lawyers of Lord Campbell's 
eminence could have produced such a work as he has put forth. None but lawyers of 
his experience and acquirements could have compiled a work combining the same in- 
terest as a narration, to the public generally, with the same amount of practical infor- 
mation for professional aspirants more particularly. — Britannia. 



2 BLANCHARD & LEA'S PUBLICATIONS.— (Hwtory (J- Biography.) 
NIEBUHR'S ANCIENT HISTORY-— (A new work, now ready.) 

LECTURES ON ANCIENT HISTORY, 

FROU THE EARLIEST TIMES TO THE TAKING OF ALEXANDRIA BY OCTAYIANUS, 

CONTAINING 

The History of the Asiatic Nations, tlie Egyptians, GrcekS; Macedonians, 

and Carthaginians. 

BY B. G. NIEBUHR. 

Translated from the German Edition of DR. MARCUS NIEBUHR, 
BY DR. LEONHARD SCHMITZ, F. R S. E., 

VTltli Additions and Corrections from liis otfu MSS* notes. 

In three very handsome volames, crown octavo, extra cloth, containing about 

fifteen hundred pages. 

From the Translator's Pr^ace. 

'^The Lectures on Ancient History here presented to the English public, em- 
brace the history of the ancient world, with the exception of that of Rome, 
down to the time when all the other nations and states of classical antiquity were 
absorbed by the empire of Rome, and when its history became, in point of fact, 
the history of the world. Hence the present course of Lectures, together with 
that on the History of Rome, form a complete course, embracing the whole of 
ancient history. * * * * We here catch a glimpse, as it were, of the working 
of the great mind of the Historian, which imparts to his narrative a degree of 
freshness and suggestiveness that richly compensate for a more calm and sober 
exposition. The extraordinary familiarity of Niebuhr with the literatures of all 
nations, his profound knowledge of ail political and human affairs, derived not 
only from books, but from practical life, and his brilliant powers of combina* 
tion, present to us in these Lectures, as in those on Roman history, such an 
abundance of new ideas, startling conceptions and opinions, as are rarely to be 
met with in any other work. They are of the highest importance and interest 
to all who are engaged in the study, not only of antiquity, but of any period in 
the history of man." 

The value of this work as a book of reference is greatly increased by a very 
extensive Index of about fifly closely printed pages, prepared by John Robson, 
B. A., and containing nearly ten thousand references ; in addition to which 
each volume has a very complete Table of Contents. 



MEMOIRS OP THE LIFE OP WILLIAM WIRT. 

BY JOHN P. KENNEDY. 

SECOND EDITION, REVISED. 
In two handsome 12mo. volumes, with a Portrait and fac-simile of a letter from 

John Adams. Also, 

A HANDSOME LTBBARY EDITION, IN TWO BEAUTIFULLY PBINTED OCTAVO VOLUMES. 

In its present neat and convenient form, the work is eminently fitted to assume the 
position which it merits as a book for every parlor table and for every fireside where 
there is an appreciation of the kindliness and manliness, the intellect and the affec- 
tion, the wit and liveliness which rendered William Wirt at once so eminent in the 
world, so brilliant in society, and so loving and loved in the retirement of his domesiic 
circle. Uniting all these attractions, it cannot fail to find a place in every private and 
public library, and in all collections of books for the use of schools and colleges; lor 
ihe young can have before them no brighter example of what can be accomplished by 
industry and resolution, than the life of William Wirt, as unconsciously related by 
himself in these volumes. 

HISTORY OF THE PROTESTANT REFORMATION IN FRANCE, 

BY MRS. MARSH, 

Author of "Two Old Men's Tales," "Emilia AVyndhara," &c. 
In two handsome \o\umcs,xo^vA \^vcvq., extra cloth. 
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NEW AND IMPROVED EDITION. 

LIVES OF THE QUEENS OF ENGLAND, 

FROM the: norm ax CONQ^UEST. 

WITH ANECDOTES OF THEIR COURTS. 

Now first published from Offloial Records, and other Anthentio Docnxnents, Private 

as well as Public. 

NEW EDITION, WITH ADDITIONS AND CORRECTIONS. 

BY AGNES STRICKLAND. 

In six volumes, crown octavo, extra crimson cloth, or half morocco, printed on 

fine paper and large type. 

Copies of the J?uodecimo Edition, in twelve volumes, may atHl be had* 

A valuable contribution to historical knowledge, to young persons especially. It con- 
tains a mass of every kind of historical matter of interest, which industry and resource 
could collect. We have derived much enteriaiument and instruction from the work. — 
AlfiencBum. 

The execution of this work is equal to the conception. Great pains have been taken 
to make it both interesting and valuable. — Literary Gazftte 

A charming work— full of interest, ut once serious and pleaimg.— Monsieur Guizot. 



THE COURT AND RRIGX OP FRANCIS THE FIRST, KING OF FRANCE. By 
Miss Pardoe, author of -* Louis XIV." &c. lu two very neat volumes, royal ISmo., 
extra cloth. 

WOMAN IN FRANCE IN THE EIGHTEENTH CENTURY. By Julia Kavanagh, 
author of " Nathalie," "Madeline," dec. In one very neat volume, royal 12mo. 



MEVrOIRS OF AN HUNGARIAN LADY. By Theresa Pulszky. With an Histo- 
rical Introduction, by Count Frauds Putszky. In one vol., royal ISmo., extra doth. 

MIRABEAU; a Life History. In Four Books. In one neat vol., royal ]2mo.,extri cloth 



HISTORY OF TEN YEARS, 1830-1840, OR FRANCE UNDER LOUIS PHILIPPE. 
By Louis Blanc. In two handsome volumes, crown Svo., extra cloth. 

Perhaps no work ever produced a greater or more permanent eOTect than this. To its 
influence, direct and indirect, may in agreat measure be attributed the movements which 
terminated in the Revolution of February, 1848. 

HISTORY OF THE FRENCH REVOLUTION OF 1769. By Louis Blanc. In ona 
volume, crown 8vo., extra cloth 



PROFESSOR RANKE»S HISTORICAL WORKS. 

HISTORY OF THE POPES, THEIR CHURCH AND STATE, IN THE lOTH AND 
irrn centuries, complete in one large Pv© volume. 

HISTORY OF THE TURKISH AND SPANISH EMPIRES, IN THE 16TH CEN- 
TURY. AND BEGINNING OF THE 17TH. Complete in one 8vo. volume, paper. 
Price 75 cents. 

HISTORY OF THE REFORMATION IN GERMANY. Parts MI. and III. Price SL 



HISTORY OF THE HUGUENOTS. A new Edition, continued to the Present Time. 
By W. S. Browning. In one octavo volume, extra cloth. 



Hl^ORY OF THE JESUITS, from the Foundation of their Society to its Sappres- 
8ion by Pope Clement XIV. Their Missions throughout the World ; their Educational 
System and Literature ; with their Revival and Present State. By Andrew Steinmetz, 
author of "The Novitiate," "Jesuit in the Family,*' &c. In two handsome volumes, 
ciown 8vo., extra cloth. 

WR AX ALL'S HISTORICAL MEMOIRS OF HIS OWN TIMES. In one octavo 
volume, extra cloth. 

WRAXALL'S POSTHUMOUS MEMOIRS OF HIS OWN TIMES. In oae <^<i.^3^.- 

vo volume, extra cloth. 
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WILLIAM PENN: 

AN HISTORICAL BIOGRAPHY, from new sources; with an extra chapter on 
the «« Macaulay Charges.'* By W. HEP WORTH DIXON, author of »< John 
Howard, and the Prison World of £urope," &c. Id one very neat volume, 
royal 12mo., extra cloth. 

K9 a biography the work has claims of no common order. Within the compa^ of a 
single volume Mr. Dixon has compresfed a great variety of facts, many original, and 
a41 skilfully arranged so as to produce an autheniic mdral portrait of his hero. The lite- 
rary merits of the volume include great research, and a narrative at once consecutive 
and vivid. The author has had access to a variety of unpublished material- to the let- 
ters of Penn and his immediate family, and to MSS. of memoirs of f>everal persons, 
yielding light? which he wanted. In a word, we dan praise the work at once for its 
earnest spirit* its wealth of recovered material, and the art with which the latter has 
been disposed. — The Athtnaum. 

VBLVr IVORK BT LAMARTINS— (Nearly Ready.) 

isEnoms OF illustriouseurofean characters. 

BY ALPHONSE DE LAMARTINE. 

In one handsome volume, royal l'2mo. 



IMPORTANT NEW WORE— (Nearly Ready.) 

HISTORY OF NORISANDT AND OF ENGLAND. 

BY SIR FRANCIS PALGRAVE, 
Author of *< Rise and Progress of the English Commonwealth,'' Ac. 

In handfiome crown octavo. 
Nearly Beady, Vol. I. The General Relations of Medieval Europe ; the 
Carlovingian Empire, and the Danish Expeditions in the Gauls, until the esta- 
blishment of Rollo. 

Vole.II. and III. are in a state of forward preparation, and will shortly follow. 

SIBORNE»S WATERLOO. History of the War in France and Belgium in 1815, con- 
taining Minute Details, with Maps and Plans, of the Battles of Quatre-Bras, Ligny, 
Wavre, and Waterloo. la one large octavo volume, extra cloth, with 11 Maps. 

WHITE'S ELEMENTS OF UNIVERSAL HISl'ORY. Edited by J. S. Hart. In one 
very large volume, royal 12mo., extra cloih. 

MEMORANDA OF A RESIDENCE AT THE CuURT OF LONDON. By the Hon. 
Richard Rush. In one large 8vo. volume. 



QRAHAME'S UNITED STATES. 
HISTORY Oli^THE UNITFD STATES FROM THE PLANTATION OF THE BRI- 
TISH COLON IKS TILL THKIR AS::?UMPriON OF INDEPI.NDRNCE Second 
American edition, enlarged and amended, viiih a Memoir by President Quincy, and 
a Portrait of the Author. In two large octavo volumes, extra cloth. 



HISTORICAL SKETCH OF THE SECOND WAR BETWEEN THR UNITED 
STATES OP AMERICA AND GREAT BRITAIN. By Charles J. Ingersoll. Vol. 
I., embracing the events of 1812-13; Vol. II., the evenis of 1814. Octavo. 

HISTORY OF CONGRESS UNDER THE ADMINISTRATION OF GENERAL 
WASHINGTON. One very large octavo volume. 

SMALL BOOKS ON GREAT SUBJECfS. By a few well wishers to knowlcdire. 
Comprising a Series of Short Treatises on Suljects of Universal Interest In twelve 
parts, paper, price 15 cents each; or in three neat royal 18mo. volumes extra cloth. 

MEMOIRS OF THE REIGN OF GEORGK IL, from his Aocession to the death of 
Queen Caroline. By John Lord llervey. E:)iied, from the original MS.S , l»y the R ght 
Hon. John Wilson Croker. In two hHud.^ome royal 12mo. volumes, extra cloth. 

WALPOLE'S MEMOIRS OF Tl\¥i ^E.\GN OF GEORGE III., now firet published 
from the origiual MS. In two bauOisomft oe\>iNo NoWavt*, txua cloth. 
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DICKENS'S WORKS, various Styles and Prices. 

THE ONLY COMPLETE_AMERICAN EDITIONS. 

CHEAP EDITION. 

In ten volumes, paper, any volame sold separate, as follows : — 



David Copperfield, with plates, complete, 

price 37\ cents. 
Dombey & Son, with plates, 50 cents. 
ChriAtma^ Stories and Pictures from Italy, 

37^ cents. 
Mariiii Chuzzlewit, with plates, 50 cents. 
Uariiaby Rudge, illustrated, 50 cents. 

Any of these works can be sent by mail, on remittance of their respective prices. 



Old Cariosity Shop, illustrated, 50 cents. 
Sketches of Everyday Life and Everyday 

People, 371 cents. 
Pickwick Papers, 50 cents. 
Oliver Twist, 25 cents. 
JNicholas Nickleby, 50 cents. 



COLLBCTIVB LIBRARY BDITION. 

In four very large octavo volumes, extra cloth, containing over three thousand 

very large double columned pages, handsomely printed. 

^ Price only Five Dollars. 

Volume T. contains Pickwick and Old Curiosity Shop. 

" II. " Oliver Twist. Sketches, and Barnaby Rudge. 

" m. " Nieklehy, and Martin Cbuzzlewit. 

"• IV. " Copperfield, Dombey & Son, and Christmas Stories. 

Copica of Vodume Four may still be had separate by those who possess the first 

three volumes of this edition. 



FINE EDITION. 

In ten handisdme volumes, 8vo., black cloth extra, printed on fine paper, and 

profusely illustrated on copper and wood. Kach volume contains 

a novel complete, and may be had separate. 



COOPER'S LEATHER- 



COOrj'.R'g SEA TALES, C vols., 12rao., extra cloth, and 
iilTOCKI^iG I'ALES, 5 vols. 12mo., extra cloth. 



DON QUIXOTE DE LA MANCIIA. Translated from the Spanish 

• of Mrgtielile Cervantes Saavedra, by Charles Jarvis, Esq. Careful- 

.ly revise/! and corrected, with a Memoir of the Author and a notice 

of hisjworks. With numerous illustrations, by Tony Johannot. In 

.two beautifully printed volumes, crown octavo, various bindings. 



FlEtDIN^'S SELECT WORKS. In one large octavo volume, extra cloth, or in four 
pi^Tts, pa>er covers, viz., Tom Jones, 50 oeuls ; Joseph Andrews, 25 cents; Amelia, 25 
- cluts, and Jonathan Wild, 25 cents. 

S.\i0LLE IT'S SELECT WORKS. In one larere octavo volume, extra cloth, or in five 
parts, paper covers, viz.: Peregrine Pickle. 50 cents; Roderick Random, 25 cents; 

' Huniphrey^liiiker, 25 cents; Launcelol Greaves, 25 cents, und Ferdinand Count Fa- 
thom, 25 cents. 

PlCCIOnr.A, the Prisoner of Feneslrella, or Csipiivily Captive. By X. B. Saintine. 
New ediiiou, with illustrations. In one very neat volume, royal 12mo., paper covers, 
price 50 cents, or in extra cloth. 



MRS. HOWITT'S CHIIiDREN'S YEAR. A Popular Juvenile. In square 18mo., with 
four plates, extra cloth. 

WILLIAM HOWIPT'S HALL AND HAMLET. Sketches of Rural Life in England. 
In one volume, 12mo., price 50 cents. 

RBADINGS FOR TIIR YOUNG, from the works of Sir Walter Scott. Beautifully 
primed in two large 18mo. volumes, extra crimson cloih, with handsome plates. 

TALES FROM HISTORY. By Agnes Strickland. In one neat volume, royal iSmo., 
criniron cloth, with illustrations. 
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NARRATIVE OF THE UNITED STATES EXPEDITION 

TO THC 

DEAD SEA AND RIVER JORDAN. 

BY W. F. LYNCH, U. S. N., 

Gommanderof the Expedition. 

Rew and condensed edition, with a Hap, from aetnal Snryejs. 

In one neat royal 12mo. Yolume, extra clotb. 

This is a condensed and cheap, yet very handsome edition of Lieut. Lynch's admi- 
rable Narrative of the Expedition to the Dead itoa. The interest which wa« excited and 
i;ratified by the firfit publication of this work, demanded that it should l;e placed in a 
form for more general circulation, and this demand is met in the edition we have before 
u». Of the work itself nothing need be said in its praise, the judgment of the public 
having confirmed its excellence. It is a narrative that must have an abiding interest 
for all time, and that library that is without it is imperfect; as is the knowledge im- 
perfect of the man who. however otherwise versed in the subject it treats of, should 
be ignorant of the facts it details. We cannot dismiss the work without saying that, 
apart from the absorbing interest which belongs to the subject, the author has given it a 
enarm in the easy, flowing, and correct style in which the narrative is >)irritif>n. that 
makes the reader reluctant, when he has taken up the volume, to Iny it down before it 
is finished, and which will cause him to return to it again and again, with renewed 
interest and pleasure. — Baltimore Patriot. 

doptes may itill be bad of the Fine eclltloii, in one -very Inrge an4 
bandsou&e oota-vo -rolnnie« -wItK t-vrenty-elg^bt t>«iautlfl&l 

Platety and imto Maps. 

This book, so long and anxiously expected, fully sustains the hopes of the' most san- 
guine and fastidious. It is truly a magnificent work. The type, paper, binding, «tyte, 
and execution are all of the best and highest character, as are also the maps-aud e»- 
gravingff. It will do more to elevate the character of our national literature than any 
work that has appeared for years.— I^dj/^f Book. 



NOTES FROM NINEVEH, and Travels in Mesopotamia, Assyria,- and Syria. 
By the Rev. J. P. Fletcher. In one neat royal 12mo. volome, extra cloth. 

TRAVELS IN SIBERIA, including Excursions Northward, down the Obi to the 
Polar Circle, and Southward to the Chinese Frontier. By Adolvh Ehman. 
Translated by William D. Coolet. In two handsome vols., royal l2mo., ex. cl. 

HUNGARY AND TRANSYLVANIA, with Remarks on their ©ondition, Social, . 
Moral, and Political. By John Paget, Esq. In two neat volumea, royal " 
]2roo., extra cloth. . •. - 

TURKEY AND ITS DESTINY; The result of Journeys made in Jisi? and 1848, 
to examine into the State of that Country. By Charles MXg^Acane, Esq., 
Author or<< Constantinople in 1828." In two neat vols., royal I2n\p.*,ex.. cloth. 

IMPRESSIONS AND EXPERIENCES OF THE WEST INDIES AND NORTH 
AMERICA IN 1849. By Robert Baird, A.M. In one neat Yoluine,**royal 
12mo., extra cloth. 

THE WEISTERN WORLD; or. Travels in the United States. Exbibitrng them 
in their latest Development — Social, Political, and Industrial. Including a 
Chapter on California. By Alexander Mackat, Esq. In two neat volnnes, 
royal 12rao., extra cloth. 

SIX MONTHS IN THE GOLD MINES. From a Journal of a Three Years' 
Residence in Upper and Lower California, during 1847, 1848, and 1849. By K. 
Gould Buffum, Esq. In one neat vol., royal 12mo., paper, 60 cents, or ex. cl. 

NARRATIVE OF THE UNITED STATES EXPLORING EXPEDITION. By 
Charles Wilkes, U. S. N., Commander of the Expedition. In six large 
volumes, imperial quarto. With several hundred illustrations on steel and 
wood, and numerous large maps. Price $60. 

This the same as the edition primed for Congreiesi. As but Tew have been exposed 
for pale. thoRe who de^sire to possess this inajfuificent monument of the arts of the 
United States, would do well to se cure copies without delay. 

EASTERN LIFE, PRESENT AND PAST. By Harriet Martineau. la 
one large and handiome volume, CTO>Nn octavo, extra cloth. 
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THE ENC7CL0F1EDIA AMERICANA ; 

A POPULAR DICTIONARY OF ARTS, SCIENCES, LITERATURE, HIS- 
TORY, POLITICS, AND BIOGRAPHY. 

In fourteen large octavo volumes of over 600 double-col omned pages each. 

For sale very low, in various styles of binding. 

Some years having elapsed since the original thirteen volumes of the ENCY- 
CLOPEDIA AMERICANA were published, to bring it up to the present day, 
with the history of that period, at the request of numerous subscribers, the pub- 
lishers have issued a 

SUPPLEMENTARY VOLUME (THE FOURTEENTH), 

BRINOIIfa THE WORK THOROUGHLY UP. 

Edited by HENRY VETHAKE, LL. D. 

In one large octavo volume, of over 650 double-columned pages, which may be 

had separately, to complete sets. 



MURRAY'S ENCYCLOP/EDIA OF GEOGRAPHY. 

THE ENCYCLOPAEDIA OF GEOGRAPHY, comprising a Complete Description 
of the Earth, Physical, Statistical, Civil, and Political ; exhibiting its RAla- 
tion to the Heavenly Bodies, its Physical Structure, The NatursI History of 
each Country, and the Industry, Commerce, Political Institutions, and Civil 
and Social State of all Nations. By Hugh Murray, F. R. S. E., &c. Assisted 
in Botany, by Professor Hooker — Zoology, &c., by W. W. Swainson — ^Astrono- 
my, &c., by Professor Wallace — Geology, &c., by Professor Jameson. Re- 
vised, with Additions, by Thomas G. Bradford. The whole brought up, by 
■a Supplement, to 1843. In three large octavo volumes various styles of 
binding. 

This greBl work, furnished at a remarkably cheap rate, contains about NiifETBVir 
HuNDRKULABGE IMPERIAL Paoes, aiiil 18 illustrated by EioHTT-TWO SMALL Maps, and a 
colored Map of the Umtbd States, after Tanuer^s, together with about Eleven Hun- 
dred WooD-cuTS executed iu the best at) le. 



PHILOSOPHY IN SPORT MADE SCIENCE IN EARNEST. In one hand- 
some volume, royal ISmo , crimsou cloth, wiih numerous illustrations. 

ENDLESS AMUSEMENT. A Collection of Four Hundred Entertaining Ex- 
periments, iu one handsome volume, royal 18mo., with illustrations, crimson cloih. 



MOORE'S MELODIES, SPLENDIDLY ILLUSTRATED. 

IRISH MELODIES. By Thomas Moore, Esq. In one magnificent volume, 
imperial quarto, with ten large steel plates, by Fiuden. Handsomely bound in extra 
cloth, gilt. 

LANGUAGE OF FLOWERS, with illustrative poetry. Eighth edition. In 
one beautiful volume, royal 18mo., crimson cloth, gilt, with colored plates. 

CAMPBELL'S COMPLETE POETICAL WORKS. Illustrated Edition. One 
volume crown 8vo., various bindings. 

ROGERS'S POEMS. Illustrated Edition. One volume, royal Svo., calf gilt. 

KEBLE'S CHRISTIAN YEAR. One vol. 18mo., extra cloth. 

KEBLE'S CHILD'S CHRISTIAN YEAR. One vol. ISmo., doth. 

POEMS, by Ellis, Currer, and Acton Bell, (Authors of Jane Eyre, fcc.) In one 
18mo. volume, boards. 

POEMS, by Lucretia Davidson. One vol. royal 12mo., paper or extra cloth. 
POEMS, by Margaret M. Davidson. One vol. royal 12mo., paper or extra cloth. 

fiELECTIONS FROM THE WRITINGS OF MRS. DAVIDSON. One vol. 

xo} al 12mo., paper or extra cloth. 
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LIBRARY OF ILLUSTRATED SGIEHTIFIG WORKS. 

A series of beantifolly printed Tolumes on various branches of science, by the 
most eminent men in their respective departments. The whole printed in the 
handsomest style, and profusely embellished in the most efficient manner. 

{HT* No expense has been or will be spared to render this series worthy ofthe support 
of ihe scienlinc public, while at the same lime it U one of the handsomest specimens of 
typographical and artistic execution which have appeared in this country. 

DSS I<A BSSCHB'S GS:OI<OGT-(Ja8t Issited.) 

THE GEOLOGICAL OBSERVER. 

BY SIR HENRY T. DE LA BECHE, C. B., F. R. S., 

Director-General of the Geological Survey of Great Britain, ic^. 

In one very large and handsome octavo volume. 

WITH OVER THREE HUNDRED WOOD-OUTS. 

We have here presented to us, by one admirably qualified for the task, the most com- 
plete compendium of the science of geology ever produced, in which the different facts 
which fall under the cognizance of this branch of natural science are arranged under 
tUb different causes by which they are produced. From the style in which the subject 
is treated, the work is calculated not only for the use of the professional geologist but 
for that of the uninitiated reader, who will find in it much curious nnd interesting infor- 
mation on the changes which the surface of our globe has undergone, and the history of 
the various striking appearances which it presents Voluminous as the work is, it is 
not rendered unreadable from its bulk, owing to the judicious subdivision of itscontentit, 
and the copious index which is appended. — John Bull. 

Having had such abundant opportunities, no one could be found so capable of direct- 
ing ihe labors of ilie young geologist, or to aid by his own experience the. studies of iho.«e 
who may not have been able to range so extensively over the earth's sorfsee. ' We 
strongly recommend 8ir Henry De la Beche's book to those who desire to know what 
has been donCj and to learn something of the wide examination which yet lies waiting 
for the industrious observer.— The AlhencBum. 



KNAPP'S CHEMICAL TECHNOLOGY. 

TECHNOLOGY J or, Chemistry Applied to the Arts and to Manufactures. 
By Dr. F. Knapp, Professor at the University of Giessen. Edited, with nu- 
merous Notes and Additions, by Dr. Edmund Ronalds, and Dr. Thomas 
Richardson. First American Edition, with Notes and Additions by Prof. 
Walter R. Johnson. In two handsome octavo volumes, printed and illus- 
trated in the highest style of art, with about 500 wood engravings. 

The style of excellence in which the first volume was got up is fully preserved in this. 
The treatises themselves are admirable, and the editintr,both by the English and Ameri- 
can editors, judicious; so that the work maintains itself as the besiof the scricA to which 
itbelonf^s. and worthy the attention of all interested in the aits of which it treats.— 
Franklin Institute Journal. 



WE!SBACH*S MECHANICS. 

PRINCIPLES OF THE MECHANICS OF MACHINERY AND ENGINEER- 
IN(J. By Professor Julius Weisbacii. Translated and Edited by Prof. 

f (Jordon, of Glasgow. First American Edition, with Additions by Prof. Wal- 
ter R. Johnson. In two octavo volumes, beautifully printed, with 9C0 illus- 
trations on wood. 

The most valuable contribution to practical science that has yet appeared in this 
country. — Athencpum. 

Unequalled l)y anything of the kind yet prodncecl in this countrv— ihe most sstnndard 
book on mechanics, inachinory. and onjfini'crins; now exiunl. — iV. Y. Camwtrr'al. 

Ill every way worthy of being rocominoudcd to our readers — i-Vaw/c/m Institute 
Journal. 
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MLJLUaTBATMn SCIBJSTIVIC I^IBB^BT*— (Continued,) 

OARFENTER'S OOMFARATIVE PHYSIOLOaY— (Just Issued.) 

PRINCIPLES OF GENERAL AND^OMPARATIVE PHYSIOLOGY; in- 
tended as an Introduction to the Study of Human Physiology, and as a Guide 
to the Philosophical Pursuit ofNatural History. By William B. Carpenter, 
M. D., F. R. S., author of " Human Physiology," " Vegetable Physiology,' » 
&c. &c. Third improved and enlarged edition. In one very large and hand- 
some octavo volume, with several hundred beautiful illustrations. 



MULLER'S PHYSICS, 

PRINCIPLES OF PHYSICS AND METEOROLOGY. By Professor J. Mul- 
LER, M. D. Edited, with Additions, by R. Eolesfeld Griffith, M. D. In 
one large and handsome octavo volume, with 550 wood-cuts and two colored 
plates. 

The style in which the volume is published is in the highest degree creditable to the 
fnterpriste of the publishers. It contains nearly four hundred engravings executed in 
a siyle of extraordinary elegance. We commend the hook to general favor. It is the 
best of its kind we have ever seen. — N. Y. Courier and Enquirer. 



MOEB, REDWOOD, AND PROCTER'S PHARMACY. 

PRACTICAL PHARMACY: Comprising the Arrangements, Apparatus, and 
Manipulations of the Pharmaceutical Shop and Laboratory. By Francis 
MoHR, Ph.. D., Assessor Pharmacia of the Royal Prussian College of Medicine, 
Coblentz ; and Theophilus Redwood, Professor of Pharmacy in the Pharma- 
ceutical Society of Great Britain. Edited, with extensive Additions, by Prof. 
William Procter, of the Philadelphia College of Pharmacy. In one hand- 
somely printed octavo volume, of 570 pages, with over 500 engravings on 
wood. 



THE MILLWRIGHT'S GUIDE. 

THE MILLWRIGHT'S AND MILLER'S GUIDE. By Oliver Evans. Eleventh Fxli- 
tiou. With Additions and Corrections by the Professor of Mechanics in the Franklin 
1 nstitute, and a description of an improved Merchant Flour Mill. By C. and O. Evans. 
In one octavo volume, with numerous engravings. 

HUMAN HEALTH ; or, the Influence of Atmosphere and Locality, Change of Air and 
Climate, Seasons, Food, Clothing, Bathing, Mineral Springs, Exercise. Sleep, Corporeal 
and Mental I'ursuiu, &c. &c., on Healthy Man. constituting Elements of Hygiene. 
By Robiey Dungiison, M D. In one octavo volume. 

THE ANCIENT WORLD ; OR, PICTURESQUE SKETCHES OF CREATION. By 
D. r. Ansted, author of' Elements of Geology," &,c. in one neat volume, royal 12mo , 
with numerous illustrations. 

A NEW THEORY OF LIFE. By S T.Coleridge. Now first published from the 
original MS. in one small 12mo. volume, cloth. 

ZOOLOGICAL RECREATIONS. By W. T. Broderip, F. R. S. From the second 
London edition. One volume, royal 12mo., extra cloth. 

AN INTRODUCTION TO ENTOMOLOGY; or, Elements of the Natural History of 
insects. By the Rev. Wm. Kirby , and Wm. i^pence, F. R. S. From the sixth Loudon 
edition. In one large octavo volume, with plates, plain or colored. 

THE RACES OF MEN ; a Fragment. By John Knox. In one royal 12mo. volume, 
extra cloth. 

AMERICAN ORNITHOLOGY. By Charles Bonaparte, Prince of Canino. In four folio 
volumes, half bound, with numerous magnificent colored plates. 

LECTURES ON THE PHYSICAL PHENOMENA OF LIVING BEINGS. B^ 
Carlo Matteucci. Edited by Jcnathau l'eieiia)(a..D. \\v oii!^ \A>i^ 'SStssw^.^^i^^QsskA^ 
txira cJotbf with iJiustratious. 



10 BLANCHARD & LEA'S PUBLICATIONS.— (Sa«»«.) 

6R/1HAMS CHEMISTRY, NEW EDITION. Fart I.-^(Now Ready.) 

ELEMENTS oF CHEMISTRY; 

INCLUDING THE APPLICATIONS OF THE SCIENCE IN THE ARTS. 

BY THOMAS GRAHAM, F. R. S., &c., 

Professor of Chemistry in University College,. Loudon, &c. 

Second American, from an entirely Revised and greatly Enlarged English Edition. 

WITH NUMEROUS WOOD ENGRAVINGS. 

Edited, w[th Notes, by RO.BERT BRIDGES, M. D., 
Professor of Chemistry in the Philadelphia College of Pharmacy, &c. 

To be completed in Two Parts^ forming one very large octavo volume. 

PART I, now ready, of 430 large pages, with 185 engravings. 
PART II, preparing for early publication. 

From the Editor^s Preface. 

The '* Elements of Chemistry," of which a second edition is now presented, 
attained, on its first appearance, an immediate and deserved reputation. The 
copious selection of facts from all reliable sources, and their judicious arrange- 
ment, render it a safe guide for the beginner, while the clear exposition of the- 
oretical points, and frequent references to special treatises, make it a valuable 
assistant for the more advanced student. 

From this high character the present edition will in no way detract. The 
great changes which the science of Chemistry has undergone during the interval 
have rendered necessary a complete revision of the work, and this has been 
roost thoroughly accomplished by the author. Many portions will therefore be 
found essentially altered, thereby increasing greatly the size of the work, while 
the series of illustrations has been entirely changed in style, and nearly doubled 
in number. 

Under these circumstances but little has been left for the editor. Owing, 
however, to the appearance of the London edition in parts, some years have 
elapsed since the first portions were published, and he has therefore found oc 
casion to introduce the more recent investigations and discoveries in some sub- 
jects, as well as to correct such inaccuracies or misprints as had escaped the 
author's attention, and to make a few additional references. 



INTRODUCTION TO PRACTICAL CHEMISTRY, including Analysis. By 

John E. Bowman, M. D. In one neat royal 12mo. volume, extra cloth, with numer* 

ou3 illustrations. 

DANA ON CORALS. 
ZOOPHYTES AND CORALS. By James D. Dana. In one volume imperial 

quarto, extra cloth, with wood-cuts. 
Also, an Atlas to the above, one volume imperial folio, with sixty- one magnificent 

plates, colored after nature. Bound in half morocco. 

Ttifse splendid volumes form a portion of the publications of the United States Explor* 
ing Expedition. As but very few copies have been prepared for sale, and as these 
are nearly exhausted, all who are desirous of enriching their libraries with this, the most 
creditable specimen of American Art and Science as yet issued, will do well to procure 
copies at once. 

THE ETHNOGRAPHY AND PHILOLOGY OF THE UNITED STATES EX- 
I'LORING KXPEDiriON. Uy Uoratio Hale. In one large imperial quarto volume, 
beautifully printed, and strongly bound in extra cloth. 

BARON HUMBOLDT'S LAST WORK. 

ASPECTS OF NATURE IN DIFFERENT LANDS AND DIFFERENT 
CLIMATES. With ScieniiGc Elucidations. By Alexander Von Humboldt. Trans- 
lated by Mrs. Subine. Second American edition. In one handsome volume, large 
royal 12mo., extra cloth. 

CHEMISTRY OF THE FOUR SEASONS, Spring, Summer, Autumn, and 
W/.vraR. By Thomas Griffith. In one handsome volume, royal L2mo , extra cloth, 
with numerous illustraUons. 
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A NEW TEXT-BOOK ON NATURAL PHILOSOPHY. 

HANDBOOKS 

OF NATURAL PHiLOSOPHlT AND ASTRONOMIT. 

BY DIONYSIUS LARDNER, LL. D., ETC. 

FIRST COURSBy containing 

Mcchanies, Ilydrostatics, Hydianlics, Pneumatics, Sonnd, aiid Optics. 

In one large royal 12mo. volume of 750 pages, strongly bound in leather, with 

over 400 wood-cuts, (Just Issued.) 

THS2 SBCOND COURSBy embracing^ 

HMT, MAGNETISM, ELECTRICITY, AND GAITANISM, 

Of about 400 pages, and illustrated with 250 cuts, is just ready. 

THSS THIRD COVRSSS, constttntlns 

A COMPLETE TREATISE ON ASTRONOMY 

THOROUGHLY ILLUSTRATED, IS IN PREPARATION FOR SPEEDY PUBLICATION. 

The intention of the author has been to prepare a work which should embrace the 
principles of Natural Philosophy, in their latest state of.scientific development, divested 
of the r.bstruseness which renders them unfitted for the younger student, and at the same 
time illustrated by numerous practical applications in every branch of art and science. 
I)r. Lardner's extensive acquirements in all departments of human knowledge, and his 
well known skill in popularizing his subject, have thus enabled him to present a text- 
book which, though strictly scientific in its groundwork, is yet easily mastered by the 
student, while calculated to interest the mind, and awaken the attention by showing the 
importance of the principles discussed, and the manner in which they may be made 
subservient to the practical purposes of life. To accomplish this still further, the editor 
has added to each section a series of examples, to be worked out by the learner, thus 
impressing upon him the practical importance and variety of the results to be obtained 
from the general laws of nature. The subject is still further simplified by the very large 
number of illustrative wood-cuts which are scattered through the volume, making plain 
to the eye what might not readily be grasped by the unassisted mind ; and every care 
has been taken to render the typographical accuracy of the work what it should be. 

Aliliough the first portion only has been issued, and that but for a few months, yet it 
has already been adopted by many academies and colleges of the highest standing and 
character. A few of the numerous recommendations with which the work has been 
favored are subjoined. 

Fro7n Prof. MUlington, Univ. of Mississippi ^ April 10, 1852. 

T am highly pleased with its contents and arrangement. It contains a greater number 
of every day useful practical facts and examples than I have ever seen noticed in a 
similar work, and I do rot hesitate to say that as a book for teaching I prefer it to any 
other of the same size and extent that I am acquainted with. During the thirteen years 
that I was at William and Mary College I had to teach Natural Philosophy, and I should 
have been very glad to have such a text-book. 

From Edmund Smithy Baltimore, May 19, 1652. 

I have a class using it, and think it the best book of the kind with which I am ac- 
quainted. 

From Prof. Cleveland^ Philadelphia^ October 17, 1851. 

I feel prepared to say that it is the fullest and most valuable manual upon the subject 
that has fallen under my notice, and I intend to make it the text-book for the first class 
in my school. 

From S. Schooler^ Hanover Academy^ Fa.. 

The " Handbooks^' seem tome the best popular treatises on their respective subjects 
with which I am acquainted. Dr. Lardner certainly popularizes science very well, and 
a good text-book for schools and colleges was not before in existence. 

From Prof J. S. Henderson^ Farmer's CoUege, O., Feb. 16, 1858. 

It is an admirable work, and well worthy of public patronage. For cleaiiLea^ vad. 
fulness it i^ unequalled by any that i have seen. 



^ 
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NEW AND IMPROVED EDITION.— (Now Ready ) 

OUTLINES OF ASTRONOM7. 

BY SIR JOHN F. W. HERSCHEL, F. R. S., &c. 

A NEW AMEBICAN FROH THE FOURTH LONDON EDITION. 

In one very neat crown octavo volume, extra cloth, with six plates and nu- 
merous wood-cuts. 

This edition will be found thoroughly brought up to the present state of as- 
tronomical science, with the most recent investigations and discoveries fully 
4i>cussed and explained. 

We now take leave of this remarkable work, which we hold to be, beyond a doubt, 
the greatest and most remarkable of the works in which the laws of astronomy and the 
appearance of the heavens are described to those who are not mathematicians nor oi>- 
servers, and recalled to those who are. It is the reward of men -who can descend from 
the advancement of knowledge to care for its diffusion, that their works are essential 
to all, that they become the manuals of the proficient as well as the text-books of the 
learner. — AthtncBum, 

There is perhaps no book in the English lan^age on the subject, which, whilst it con- 
tains so many of the facts of Astronomy (which it atlemptn to explain with as little tech- 
nical language ns possible), is so attractive in its style, and so clear and forcible in its 
i\\\x%\tdA\ons.^Evangtlical Review. 

Probably no book ever written upon any science, embraces within so. small a compass 
an entire epitome of everything known within ail its various departments, practical, 
theoretical, and physical.— .Ezamtner. 
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A TREATISE ON ASTRONOMY*. 

BY SIR JOHN F. W. HERSCHEL. Edited by S.C. Walker. In one 12rao. 
volume, half bound, with plates and wood-cuts. 



A TREATISE ON OPTICS. 

BY SIR DAVID BREWSTER, LL. D., F. R. S., &c. 

A NEW EDITION. 

WITH AN APPENDIX, CONTAINING AN ELEMENTARY VIEW OF THE APPLICATION 
OF ANALYSIS TO REFLECTION AND REFRACTION. 

BY A. D. BACHE, Superintendent U. S. Coast Survey, &c. 
In one neat duodecimo volume, half bound, with about 200 illustrations. 



BOIiMAR'S FREHTCH SERIES. 

New editions of the following works, by A. Bolmar, forming, in connection 
with << fiolmar's Levizac," a complete series for the acquisition of the French 
language : — 

A SELECTION OF ONE HUNDRED PERRIN'S FABLES, accompanied by 
a Key, containing the text, a literal and free translaiiou, arranged in such a manner as 
to point out the difference between the French and English idiom, &c. In one vol. lt2mo. 

A C9LLECTION OF COLLOQUIAL PHRASES, on every topic necessary to 
maintain conversation. Arranged under different heads, with numerous remarks on 
the peculiar pronunciation and uses of various words ; the whole so disposed as con- 
siderably to facilitate the acquisition of a correct pronunciation of the French. In 
one vol. 18mo. 

LES AVENTURES DE TELEMAQUE, PAR FENELON, in one vol. 12mo., 
accompanied by a Key to the first eight books. In one vol. 12mo., containing, like the 
Fables, the Text, a literal and free translation, intended as a sequel to the Faiiles. 
Either volume sold separately. 

ALL THE FRENCH VERBS, boUi regular and irregular, in a small volume. 
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